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All the right tools in your hand. 



WaveJet® Oscilloscopes 





FROM 

$2,950 



Slope 




More tools. Better tools. The right tools. 



The right tools make debugging 
faster and easier. The WaveJet 300 
Series provides nnore tools and greater 
perfornnance than other connpact 
oscilloscopes in the 100 MHz 
to 500 MHz range. 



• Long Memory: 500 k/ch 

• Large 7.5" Color Display 

• Compact Size, only 4" Deep 



www.lecroy.com 1 -SOO-S-LeCroy 



' USB Connectivity 
► Replay History Mode 
' Frequency Counter 
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Access to more than 
I a million products now 
available online! 
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Digi-Key Corporation purchases all product 
directly from Its original manufacturer. 



Quality Electronic Components, Superior Service 



www.digikey.com 

1.800.344.4539 



'New product added daily. 
© 2008 Digi-Key Corporation 



701 Brooks Ave. South • Thief River Falls, MN 56701 • USA 



Test. Accelerated. 

Reduce Your Cost with a Faster Automated Test System 



Advanced parallel testing and 
nnulticore development tools 



High-performance 
modular instrumentation 
(DC to RF) 




Industry's lowest latency and 
highest throughput test platform 



Optimized drivers and controllers 
for more than 5,000 instruments 
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PRODUCT PLATFORM 

Nl TestStand software 

Nl LabVIEW graphical software 

PXI modular instrumentation 



For more than 30 years, National Instruments technology 
has been the foundation for building faster automated 
test and measurement systems. The Nl test platform 
combines the advantages of open PC-based systems, 
PXI modular instrumentation, and unlimited instrument 
control solutions - all powered by the industry's most 
comprehensive and widely chosen test system software. 



Learn best practices for test system design at ni.com/automatedtest 



800 891 8841 



© 2007 National Instruments Corporation. All rights reserved. LabVIEW, National Instruments, Nl, ni.com, and Nl TestStand are trademarks of National Instruments. 
Other product and company names listed are trademarks or trade names of their respective companies. 2007-9259-101 
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Tightened power- 
efficiency regulations 
force power supplies 
to keep up 

A Both voluntary and 

/\ I 1 mandatory power- 

I regulation standards 

have forced manufacturers to 
meet minimum power-efficiency 
standards or risk losing custom- 
ers—and, sometimes, markets. 
New versions of standards and 
new mandatory federal regulations 
call for higher efficiencies. These 
regulations make more sophisti- 
cated converter topologies rea- 
sonable approaches-even for the 
lowly wall wart. 

by Margery Conner, 
Technical Editor 



As SOCs grow, 
test-and-measurement 
instruments move 
on-chip 

M Complex ICs are not 
^ I only absorbing more 
I of the systems around 
them, but also swallowing the test 
equipment designers use to bring 
up, evaluate, and calibrate the 
chips. by Ron Wilson, 

Executive Editor 
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VMM application 
packages: the next 
level of productivity 

A ^\ A standardized veri- 
/ I V-iJfication methodology 

I V*/ increases output 
without sacrificing design quality 
by Janick Bergeron, Synopsys 

USB battery-charger 
designs meet new 
industry standards 

USB is not just for 
\ \ data transfer any 
\J KmJ more; there are too 
many good reasons to use it in 
such applications as charging 
handheld-device batteries. New 
standards address such uses, and 
new connectors and ICs can make 
short work of your designs. 

by Takashi Kanamori and 
George Paparrizos, 

Summit Microelectronics 




NE555 timer sparks low-cost voltage-to-frequency converter 
Optoisolators compute watts and volt-amperes 
Single-supply circuit measures -48V high-side current 
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AC-continuity tester finds single-ended faults in cables 
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Pprtables everywhere just got a lot cooler. 




150 mW 



100 mW 



50 mW 
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ARM-enabled Ml IGLOO: The lowest power FPGA 
with the industry-standard 32-bit microprocessor. 

Extend portable battery life by 10x without compromising 
time-to-market or budgets. Actel M1 IGLOO Flash FPGAs 
save power in every mode of operation, and never need 
extra components that add bulk and cost. 



At 148 \i\N, IGLOO static power 
use is barely visible compared 
to equivalent gate parts from 
the nearest competitors, which 
use from 300 to 1500 times 
more power. 




ARM 



No royalties. No licence fees. No unit price adder. Only Actel Flash 
FPGAs give you access to ARM processors and design tools, making them 
the most affordable way to use the industry-standard 32-bit processor. 




Designed to meet the demands 
of tomorrow's portables today. 

M1 IGLOO devices can save you a lot more than just power. Like all Actel 
FPGAs, their single-chip form is available in space-optimized chip scale 
packages. They're live at power-up, nonvolatile, reprogrammable, and 
completely secure — saving board space, time, and ultimately money. Find 
out just how much cooler your portable designs can be at actel.com/cooler. 



See the Portable webcast and win an IGLOO Starter Kit at 
actel.com/cooler 
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The ONLY New Catalog Every 90 Days 

Experience Mauser's time -to- market 
advantage with no mini mums and same -day 
shipping of the newest products from more 
than 335 leading suppliers. 



www.mouser.com 

Over 920,000 Products Online 



MOUSER 

ELECTRONICS 



a tti company 

The Newest Products 

For Your Newest Designs 



(800) 346-6873 
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ONLINE ONLY 

Check out these Web-exclusive articles: 

Using optical feedback to design 
a nnore robust high-brightness-LED 
system 

Variations in luminance and color can 
plague your high-brightness LED-based 
design. Use optical-feedback techniques to 
overcome these drawbacks. 
www.edn.com/article/CA6527085 

Reducing buck-converter input 
capacitance through multiphasing 
and clock synchronization 

-> www.edn.com/article/CA65225 1 5 



READERS' CHOICE 

A selection of recent articles receiving 
high traffic on www.edn.com. 

Overengineering: 

How much is too much? 

My father's WWII tale about Allied versus 
German telephones contained a valuable 
design lesson. 
www.edn.com/article/CA651 8684 



Nascentric intros Fast Spice simulator 
for digital, AMS, analog designs 

www.edn.com/article/CA6528789 

Denali Software moves 

to become fabless IC IP vendor 

■ www.edn.com/article/CA6528399 



Spectrum analyzer brings real-time 
analysis to midrange applications 

www.edn.com/article/CA6523860 



EEs have terrorist mindset, 
Oxford University paper suggests 

->www.edn.com/080221 tod 

A solar panel on every building 

^www.edn.com/article/CA65241 03 

If Apple won't buy AMD, 
how about IBM? 

^ www.edn.com/08022 1 toc2 
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The Microsoft Xbox 360 case study 

^ www.edn.com/08022 1 toc3 
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manufacturing to process development 
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WE NEED YOUR VOTE! 

Vote now in EDM's 1 8th annual 
Innovation Awards. No campaign speech- 
es, attack ads, or empty promises— just 
recognition for worthy engineers and in- 
novative products. Peruse the finalists and 
cast your ballot now! (We're EDN, and we 
approved this message.) 
www.edn.com/innovation 



FROM EDM's BLOGS 

Should power management be 
application-specific? 

ma From Practical Chip 
4^^^^H Design, by Ron Wilson 
Most power-manage- 
if^^^M i^nent approaches focus 
fl^^^^H on maximum flexibility 
^^^^^^ to turn blocks on and 
off quickly, because little is known 
about the application and its use mod- 
els at design time. But if you know the 
application in detail, you can tailor a 
power-management strategy to it from 
the ground up. 

^www.edn.com/08022 1 toc4 
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A new online community featuring development kits, ratings, reviews, news, 
poll, hands-on videos, and a bunch more resources for design engineers. 

FEBRUARY: "2 Minute Review" Series: The DEVmonkey Lab reviews the Stellaris 
LM3S6965 Evaluation Kit for the ARM Cortex M3 MCU and Keil development tools. 
Log on to read the written review, watch the video, and provide your feedback. 

www.developmentmonkey.com 
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E D N . C O M M E N T 




BY MAURY WRIGHT, EDITORIAL DIRECTOR 



EDN Innovation: Awards season 
comes to technology 

In the Feb 7 issue of EDN, we announced the finalists for the 18th 
edition of our EDN Innovation Awards program. We strive to rec- 
ognize the brightest technologies and engineers each year, and this 
year we have a ballot full of innovation. Every year, the Innovation 
Awards coincide with some well-known awards in the entertainment 
industry. We consider ours far more important. This year, our voting 
process will also coincide with national presidential primaries. I certain- 
ly hope that all eligible voters turn out for both the Innovation and the 

presidential contest. To be eligible to I the best article contributed to EDN in 

' 2007. 

The number of Innovation cate- 
gories is at an albtime high. The ex- 

With so many 
application- 
specific products, 
our editors and 
judges have an 
increasingly difficult 
time making 
apples-to-apples 
comparisons. 



vote in Innovation, we ask only that 
you wade through tough ballot choic- 
es, carefully consider the outstanding 
finalists, and make your selection. 

Engineers rarely receive the same 
fame as those that toil in some higher 
profile professions. But I don't know 
of a job that demands a better com- 
bination of technical savvy, theoretic 
cal knowledge, and creative thought 
process than electronics engineering. 
Our 2007 salary and career survey in- 
dicated that those aspects of the job 
are more important to working engi- 
neers than the financial rewards. 

Everyone needs a nice "attaboy" 
now and then. We think the winners 
that emerge from our multistage Inno- 
vation selection process deserve a fan- 
cy banquet and party. If our program 
includes your work, congratulations 
and good luck. 

You will find a list of the finalists 
and voting information at www.edn. 
com/inno vation. This year, we have 
19 product/technology categories plus 
the EDN Innovator of the Year, which 
recognizes an engineer or engineering 
team. We also include a category for 




panded roster is due in part to the 
popularity of the program and the 
sheer number of entries. Frankly, the 
trend of specialization in everything 
from analog ICs to test equipment de- 
manded the expansion. With so many 
application-specific products, our ed- 
itors and judges have an increasing- 
ly difficult time making apples-to- 
apples comparisons. I think you will 
agree as you peruse the list that there 
is just more innovation today than ev- 
er before. Moore's Law advancements 
have brought unprecedented pro- 
cessing power, the transition to digi- 
tal media, and a vast array of applica- 
tions. Meanwhile, analog technology 
has kept up and provides the quality 
user experience as the interface to the 
real world. 

When you view the finalists list, 
you will find short descriptions of the 
innovation in each of the entries. In 
the case of Innovator of the Year, you 
will also learn a little of the biograph- 
ical background of the entry. And, in 
the case of the best contributed arti- 
cle, you will get a pointer to the ar- 
ticle. Please take the time to partici- 
pate in our program. The finalists de- 
serve your consideration, and you may 
one day find your own work or your- 
self on the list. 

I also encourage anyone who can be 
in San Jose, CA, on April 14 to con- 
sider attending the banquet. Tickets 
cost $110, and you can buy them at 
the www.edn.com/innovation Web 
link. The fee covers a cocktail party, a 
nice dinner, some outstanding enter- 
tainment, a chance to recognize your 
peers, and entree to an Oscar-worthy 
afterparty. See you in San Jose and 
happy voting.ii 

Contact me at mg<wright@edn.com. 



AT EDN.COM 



\±} Go to www.edn.com/080221ed 
and click on Feedback Loop to post 
a comment on this column. 
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0201 CS Chip Inductors 



0302CS Chip Inductors 



0402AF Chip Inductors 



0402CS Chip Inductors 



0402PA Chip Inductors 



0403HQ Chip Inductors 



^ * 4t^ 

0603CSChip Inductors 



0603HC Chip Inductors 



0603LS Chip Inductors 



0604HQ Chip Inductors 



0805HQ Chip Inductors 



^ *e- 

0805HT Chip Inductors 



^^^^ 






0805CS Chip Inductors 0805HS Chip Inductors 0805LS Chip Inductors lOOSHQ Chip Inductors 1008HT Chip Inductors 1008CS Chip inductors 



1008HS Chip Inductors 
1812LS Chip Inductors 



1008CT Chip Inductors 



1008LS Chip Inductors 



1206CS Chip inductors 



1812CS Chip Inductors 1812FS Chip Inductors 







Micro Spring Air Coils 



Mini Spring Air Coils 



Low Profile Mini Springs 



Midi Spring A ir Coils Maxi Spring A ir Coils 



So many inductor choices. 
So easy to make the ri^iit one. 



Only Coilcraft offers more than two dozen high 
performance RF inductors. And only Coilcraft 
makes it so easy to pick the right one! 

Start with the most user-friendly web site 
in the magnetics business. Our selection tools 
— ^ let you quickly compare options 
~ and zero in on 




S^arameters and SPICE models 



Inductor Finder Results 



ecHJk/uoulL. 



Design Support Tools 



your best choice. 

If you're doing 
circuit simulation, 
you can down- 
load our SPICE 
models and S parameter files. 
Send a question to our 
tech support and you'll actually get an answer, 



usually within the hour! Our site 
already shows volume pricing and 
well soon add inventory and lead time. 
And when it's time for evaluation 
samples, things couldn't be easier. 
Click the part numbers you 
want, tell us the quantity, 
and your free samples will 
ship that same day! Or buy 
one of our Designer's Kits 
and have every value in a 
family right on your desk. , . 

With selection and service 
like this, it's no wonder that Coilcraft is the 
industry's first choice for chip inductors! 




www.coilcraft.com 800/322-2645 



Get On The High Side With iVIicrei 



High-side load switclies offer the lowest R 



DS(ON)' 



high efficiency and smallest package 




Battery-powered portable devices rely upon high-side load 
switches to manage the power path. These high-side load switches 
are required to have high efficiency and small footprint in order for the 
portable devices to extend battery running time and save space. 

Micrel Semiconductor offers a full portfolio of P-channel FET high-side 
load switches targeting the battery-powered portable device market. 
The latest addition, the MIC94060/1/2/3 product family, is industry- 
leading in all the key parameters that are of interest to designers. 

The MIC94060/1/2/3 P-channel high-side load switch family has 
established itself as the performance leader in the world of battery- 
powered portable devices, including feature-rich mobile handsets, 
mobile GPS equipment, and consumer entertainment gadgets. 

The Good Stuff: 
♦ 
♦ 
♦ 
♦ 
♦ 



Lowest Rds(qn) P-channel Switch 
Smallest Package 
Lowest Shutdown Current 
Slew Rate Control at Startup 
Active Load Discharge at Shutdown 





MIC94060 


MIC94061 


MIC94062 


MIC94063 




1.7V to 5.5V 


1.7V to 5.5V 


1.7V to 5.5V 


1.7V to 5.5V 


Rds,on) - SC70 


75mQ 


75mQ 


75mQ 


75mQ 


Rds,on) - "VILF 


85mQ 


85mQ 


85mQ 


85mQ 


'max 


2A 


2A 


2A 


2A 


'shut-supply 


2nA 


2nA 


2nA 


2nA 


'shut-leakage 


2nA 


2nA 


2nA 


2nA 


^ON-DLY 


0.85ms 


0.85ms 


700ms 


700ms 


^ON-RISE 


1ms 


1ms 


800ms 


800ms 


^OFF-DLY 


100ns 


100ns 


60ns 


60ns 


^OFF-FALL 


60ns 


60ns 


60ns 


60ns 


Package 


1.2x1.6 MLF®-4 
SC-70-6 


1.2x1.6 IVILF®-4 
SC-70-6 


1.2x1.6 IVILF®-4 
SC-70-6 


1.2x1.6 IVILF®-4 
SC-70-6 


FEATURES 










Slew Rate Control 






V 


V 


Fast Turn On 


V 


V 






Load Discharge 




V 







For more information, contact your local Micrel sales representative or 

visit Micrel at: www.micrel.com/ad/mic9406x. 

Literature 1 (408) 435-2452 Information 1 (408) 944-0800 

© 2008 Micrel, Inc. All rights reserved. Micrel is a registered trademark of Micrel, Inc. MLF is a 
registered trademark of Amkor Technology. 
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Any Sensor. 
Any Project. 

Nl Data Loggers 




Nl C Series 
Data-Logging Family 

PC-connected or 
stand-alone deploynnent 

Expandable I/O from 
four to 250+ channels 

Rugged devices with 
long-lasting durability 

Multiple mounting and 
sensor connectivity 
options 



See Nl data loggers 
in action at 
ni.com/dataloggers 

800 327 9894 
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Ml 6C - Protecting code investment 
MIBC with true code & pin compatibility 

Platform 

Enables connectivity with CAN, LIN, PLC, ZigBee and DMAC 



Renesas Technology 

No. 1 * supplier of microcontrollers in the world 

presents the M1 6C Family, the industry's only fully code compatible platform 
that addresses the entire 8-bit through 32-bit price/performance application 
space. The Ml 6C Family of devices protects your code investment with 
seamless code and pin compatibility across the platform. The Ml 6C platform 
features optimized peripheral mapping and on-chip memory that permits 
applications ranging from 24K bytes to 1 M bytes w^ith between 42 and 
1 44pins in an efficient 1 6-bit CISC architecture. Reduce your overall 
development time and cost with a cross-platform code base and development 
tools from Renesas Technology. 



M16C Product Lineup 



Upward ^ 
compatibility with 
C language •* 



I 



Binary 
compatibility 
with the 
same CPU m 




► 1MB space 

► 16 to 32MHz 

► 16-bit multiplier 

► DMA 2ch 

► 4KB data flash (virtual EEPROM) 



C/Tlny 



► Small package (42 to SOpins) 

► 10 to 24MHz 

► Single-chip only 

► 4KB data flash (virtual EEPROM) 



( M16C/26AU IVI16C/28 

\ ^20MHz@3-5V J \ ^20MHz@3-5V 
^ «Ei;ini«iaaaEiaii ^^^^^^ra fcidlliimdMJjHai) 



Lower p/n count, rec/uced funct/on 



HOT Products 



M16C/30P Group 



3 cents per pin* 



* M30302FCPGP#U5C 100 pin LQFP 128K Flash /5K RAM 



M16C/30P Block Diagram 




Top Reasons to select M16C MCU 

• Broad Platform & Compatibility 

- Wide selection; 24KB to 1MB Flash, 42 to 144 pin 

- Up/downgrade in same package, same board 
design 

- Saves costs and protecting code investment. 

• Powerful and Easy 

- Banked registers & liigli speed interrupts (M32C) 

- Optimized instructions for 1 cycle operations 

- Higli-speed liardware multiplier 

- Common Tool Cliain across the platform 

- Proven middleware; ZigBee, CAN, motor control 

• Versatile & Efficient 

- Specialized peripherals; CAN, PLC, motor control 

- Efficient mapping for practical application 

- Flexible DMAC for efficient connectivity 

- Multiple clock sources and power saving modes 

• Quiet EMI/EMS 

- Built-in noise cancellation, fewer components 

• Reliable and Secured 

- Trusted flash and protection registers 

- Fail-safe features; oscillator-stop, non-stop WDT. 



Source: Gartner (March 2007) "2006 Worldwide Microcontroller Vendor Revenue" GJ07168 



#j^cu Get Started Today - 

ITi^^^l Go online and register to be eligible for a FREE M1 6C Starter Kit * 



www.america.renesas.com/ReachM1 6C/a 

*Only available to customers in North and South America 



RenesasTechnology Corp. 
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Designing Energy- Efficient Handheld Illumination Solutions 




Humair Khan, Marketing Engineer 



Portable battery sources are constantly challenged by the 
handheld applications' increasing functionality and power 
demands. By better understanding the applications' energy 
consumption, designers can produce energy-efficient solu- 
tions that will conserve battery life and provide a better 
end-user experience. 

Conserving Energy in Portable Displays 

Display backlighting presents a significant energy chal- 
lenge as handheld displays increase in size, resolution, and 
brightness. A typical small display module can require 
between three to ten LEDs for proper illumination. 

To address the backlit display's energy consumption, one 
power-efficient method to drive LEDs is the switched 
capacitor. This technique connects the input voltage to a 
multiple-gain switched capacitor that produces a regu- 
lated output. The output voltage equals the gain multi- 
plied by the input voltage during open loop operation. 
Closed loop operation enables a fixed output that should 
be slightly higher than the LED forward voltage and 
any voltage drop. The difference between output voltage 
and forward voltage is the headroom that needs to be 
monitored to ensure current flow. The switched capacitor 
remains in the most efficient gain over the widest input 
voltage consuming the least amount of energy through 
gain transitions that maintain regulation based on LED 
forward voltage and load requirements. Dual gain boost 
modes (Ix and 3/2x for the LM2755 and LM2756; 2x 
and 3/2x for the LM2757) allow for the highest possible 
efficiency over a wide input voltage range resulting in 
longer battery life. 

Consumer trends continue to dictate smaller portable 
devices, making PCB area much more valuable. The 
switched capacitor topology offers an added benefit as an 
inductor-less solution that saves on solution size and bill 
of materials. The LM2755, LM2756, and LM2757 are 
examples of switched capacitor boost technology that 
drive up to 10 LEDs (each driving up to 30 mA of diode 
current). This smaller solution provides the ability to 
place the driver in a local area, versus a central area, which 
reduces EMI. 

Programmability of white LEDs is important to control 
display illumination. For example, when an end-user is 
having a conversation on a mobile phone, they are no 
longer interacting with the display, and the display has 



the option to dim. Both the LM2755 and LM2756 
include an PC-compatible interface that controls the 
display illumination based on handset operation. 

Figure 1 shows the 32 exponential dimming step settings 
with an 800:1 dimming ratio which enables true 
perceived linear brightness level control and a dimming 
profile that leads to a smooth on/off display transition. 
The human eye is a logarithmic detector as it responds to 
light in terms of equal ratios rather than equal increments. 
What is recognized to be the linear augmentation of 
brightness is in reality exponential. By allowing the back- 
light to be dimmed or turned off, the designer gains 
flexibility and the ability to save battery life. 
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Figure 1. 32 Exponential Brightness Levels 

Figure 2 is a typical application circuit of the LM2756. 
The LM2756 drives 8 LEDs separated in three indepen- 
dently controlled groups for multiple display purposes. 
Once the current level is set, analog current scaling inter- 
nally dims the LEDs using the PC-compatible interface. 
The 32 exponential analog brightness levels shown in 
Figure 1 can be configured for the LEDs in Group A, 
while LEDs in Group B and Group C can handle 8 linear 
analog brightness levels. 

With the ability to separately control several groups of 
LEDs, a single LED driver can control a main display. 
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Figure 2. LM2756 Typical Application Circuit 

a secondary sub-display or keypad LEDs, and 
an indicator LED. The LM2756 integrates 
these features by incorporating eight current 
sinks and dividing them into three groups. 
Four current sinks are comprised in Group 
A, while Group B and Group C have one 
current sink each. By manipulating a register, 
two extra sinks (D53 and D62) are available 
for either Group A or Group B. This allows 
4, 5, or 6 LEDs to be used for the main 
display, leaving extra LEDs for additional 
lighting features. 

Peripheral Lighting 

Personal mobile devices have greater illumi- 
nation needs than just the main display. 
Supplemental LEDs are required for further 
lighting functions consuming more battery 
energy. Keypad lighting is an important 
characteristic of handheld applications that 
does not require as much LED current 
matching as current-sourced main display 
backlighting drivers. The LM2757 provides 
the smallest switched capacitor, voltage- 
sourced, boost solution to illuminate keypad 
LEDs with up to 90% efficiency. Indicator 
LEDs alert end-users of low battery, battery 
charging activity, and incoming messages. 
These LEDs can also be used in fun-lighting 
applications. With three independent RGB 
LED outputs, the LM2755 permits program- 
mable blinking patterns, via PC-compatible 
interface, for each output enabling multiple 
zone lighting. 

For indicator and cosmetic lighting purposes, 
LEDs usually require a generated pattern. 
The LM2755, shown in Figure 3, allows the 
designer to program a trapezoidal dimming 
waveform to independently control each out- 
put. The following equations calculate the 
durations of the delay, rise, fall, high, and low 
times shown on the waveform in Figure 4\ 




Figure 3. LM2755 Typical Application Circuit 

TsTEP = 50|js X 2<^+^* if using the internal clock 
or TsTEP = (1/fpwM) X 2<^+^' if using the external clock 
on the SYNC pin 

trise/fall Total = TsTEP X (nhigh - Hiow) X nrrise/fall, 

where < nrrise/faii ^ 255 

trise or fall Total = 50|JS X (nhigh - Hiow), 

where nirise/faii = 

thigh or low = TsTEP X (nhigh/low + 1 ), 

where < nihigh/iow ^ 255 

tdelay = TsTEP X ndelay, 

where < ndeiay ^ 255 

The variables nrrise, nxfaii, nihigh, and nriow are 
numbers between and 255 while Uhigh and 
niow are selected numbers between and 3 1 
that become the brightness level boundaries 
when the dimming waveform enable bits are 
set to '1'. N is a number from to 7 that is 
stored in the Time Step register. The PWM 
modulating signal period, fpwM, is set to a 
default value of 50 |is. If using an external 
clock, this signal period becomes: fpwM = 
fsYNc/32. The custom waveforms only need 
to be programmed once for each output. 
After the values have been set, the PC- com- 
patible interface toggles start and stop times 
for the lighting pattern. Timing control fea- 
tures, like the one found in the LM2755, are 
an ideal tool for any peripheral lighting 
needs. 
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Figure 4. LM2755 LED Timing Control 



To read the complete article, visit: 



national.com/analogedge 
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35-GHz waveform-analyzer plug-in 
triggers sequential-sampling DSO 



Agilent Technologies has introduced a 
precision waveform analyzer in the form 
of a double-width plug-in for its model 
861 OOC DCA-J (digital-communications ana- 
lyzer)-an ultrahigh-bandwidth sequential equiv- 
alent-time-sampling DSO (digital-storage oscil- 
loscope). Agilent designed the 86108A analyz- 
er for engineers who verify and validate designs 
of high-speed electrical-communications sys- 
tems and components. Residual jitter well below 
100 fsec-which the company calls the indus- 
try's lowest-and channel bandwidths as high as 
35 GHz ensure that users see the true perfor- 
mance of their signals. 

Integrated instrumentation-grade hardware 
clock recovery greatly simplifies and speeds 
measurement setups, allowing the scope to trig- 
ger directly from single-ended or differential data 
signals and eliminating the need for a separate 
trigger input. Until now, says an Agilent spokes- 



person, a major headache for users of sequen- 
tial-sampling DSOs has been finding and con- 
necting a suitable trigger source without intro- 
ducing delay that corrupts jitter measurements. 

The integrated triggering system functions 
even in the presence of spread-spectrum clock- 
ing, allowing accurate signal analyses on compo- 
nents and systems in serial buses, such as PCI 
(peripheral-component-interconnect) Express 
and SATA (serial-advanced-technology attach- 
ment). An onboard phase detector enables the 
use of a simple, accurate technique based on 
clock or data inputs to measure jitter transfer and 
jitter/phase-noise spectra and to determine the 
PLL (phase-locked-loop) bandwidth of a device 
under test. US prices for the 861 08A precision 
waveform analyzer start at $85,000. 

-by Dan Strassberg 

Agilent Technologies, www.agilent.com/ 
find/dca. 




O FEEDBACK LOOP 

"Back in the 
days when 
electronic- 
ignition systems 
were first used 
in cars, some 
malces would 
stall when a 
nearby mobile 
CB- or ham- 
radio operator 
keyed the trans- 
mitter." 

—Reader and frequent 
Design Ideas contribu- 
tor Glen Chenier, in EDN's 
Feedbacl< Loop, at www. 
edn.com/article/CA6515348. 
Add your comments. 




Unlil<e otiier ultrawideband sequential-sampling scopes, tlie 861 OOC DCA-J witin tine 861 08A precision-waveform-analyzer plug-in 
triggers from single-ended or differential data to produce eye diagrams witli minimal residual internal jitter. You need not endure the 
liassle of locating and connecting a separate, stable, external trigger source. 
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MEMS-oscillator maker aims to oust quartz 



SiTime, which is bringing 
MEMS (microelectro- 
mechanical-system)- 
based oscillators into volume 
production, aims to replace 
quartz as the frequency refer- 
ence in clock and timing oscil- 
lators. The company claims that 
its technology could potentially 
take over quartz's role in virtually 
all timing-oscillator sockets. 

The company builds a small, 
square silicon-MEMS struc- 
ture whose four side "beams" 
are suspended in free space; 
a cruciform shape spans the 
diagonals of the square, and a 
fixing point in the center sus- 
pends the structure. Under 
electrostatic excitation, the 
sides of the square flex in uni- 
son in the plane of the square, 
which measures only microns 
in size. The oscillation is at 
a fundamental frequency: In 
the products SiTime has so 
far released, this frequency is 
approximately 5 MHz, although 
the company has built struc- 
tures that resonate from 1 to 
40 M Hz and above. The M EMS 
element exhibits high Q factor; 
the company says its design 
rules allow it to design for a 
given Q-of more than 70,000 
in the commercial version. 

The underlying technol- 
ogy originates with Bosch, 
and SiTime holds the rights to 
exploit it as a timing reference; 
related technology from Bosch 
Sensortec forms the basis of 



developments of the technol- 
ogy for use as a sensor. 

This resonant structure fea- 
tures high mechanical robust- 
ness, has a stability in the 
parts-per-million range that 
is sufficient for the timing 
requirements of fast serial- 
data standards, and exhibits 
aging-frequency drift over 
time-that is smaller than that 
of all but the highest quality 
selected and preaged quartz 
crystals. It does not exhibit the 
typical frequency/temperature 
curve of a crystal but has a lin- 
ear relationship that, in its oscil- 
lator products, SiTime compen- 
sates with an on-chip tempera- 
ture sensor. 

The company pairs its M EMS 
resonator with a CMOS pro- 
grammable-frequency synthe- 
sizer chip. In its current product 
lineup, it assembles both dice 
in a multichip package to yield 
a fixed-frequency oscillator at 1 
to 200 M Hz. The company sets 
the programmed frequency by 
fuse programming before ship- 
ping. It could, says Marketing 
Vice President John McDonald, 
sell a user-programmable part, 
but a preprogrammed offering 
better conforms to the buying 
patterns in the supply chains 
for crystal oscillators. SiTime 
can program parts from stock 
to provide samples in days. 
The company aims to combine 
the MEMS element and the 
CMOS oscillator on a single 



SA prepro- 
grammed 
offering better 
conforms to the 
buying patterns 
in the supply 
chains for crys- 
tal oscillators. 

die. It proposes to avoid diffi- 
culties inherent in a combined 
process flow by first build- 
ing its MEMS structures and 
then carrying out the complete 
CMOS fabrication as a sepa- 
rate operation. The company 
anticipates the emergence of 
single-chip products in 2009; 
meanwhile, it has announced 
ultrathin and low-jitter versions 
of its oscillators. 

The low-jitter part, SiT8102, 
has less-than-1 -psec-rms 
phase jitter in most meas- 
urement bands, comes in a 
2.5x2x8-mm OFN package, 
and will cost less than a com- 
parable quartz device. You can 
use it as a clock reference for 
USB 2.0 HS, FireWire, Fibre 
Channel, SATA, PCI Express, 
Gigabit Ethernet, and other 
high-speed serial-communica- 
tion protocols. In common with 
the company's other prod- 
ucts, the construction uses 
a stacked-die arrangement; 
a temperature sensor on the 
CMOS-synthesizer chip is in 
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close contact with the silicon of 
the resonator, sitting on top of 
it and allowing digital-temper- 
ature compensation. Although 
the chip applies compensation 
by changing division ratios, it 
is glitch-free, McDonald says. 
Total error is within ±50 ppm, 
including temperature and 
aging effects. Periodic jitter is 
less than 5 psec rms for most 
frequencies. 

Removing the dice from the 
stacked layout and placing 
them side by side yields a thin 
oscillator that still has all of the 
mechanical-robustness attri- 
butes. The SiT8002UT is avail- 
able with a 1 - to 1 25-M Hz out- 
put; requires a 1 .8, 2.5, or 3.3V 
supply; and occupies a four-pin 
OFN package that measures 
3x3.5x0.37 mm. The reduced 
thermal contact between the 
dice relaxes the device's stabil- 
ity over temperature of -40 to 
+85°C to ±100 ppm. Prices 
for the chips are less than $1 
(high volumes). McDonald says 
that the manufacturing costs 
are inherently lower than those 
of quartz, which volume prices 
reflect. 

SiTime's resonator technol- 
ogy does not achieve the close- 
in low-phase-noise specifica- 
tions that digital-communica- 
tions protocols demand. "We 
don't claim to be able to do the 
sort of high-RF-stability per- 
formance that is needed there; 
we are still perhaps 20 to 25 
dB in phase noise away from 
that scenario," says McDonald. 
However, the company has 
achieved a better-than-1 5-dB 
improvement per year while 
developing the technology. 
McDonald also hints that the 
company may have the high- 
performance-quartz business 
in its sights. 

—by Graham Prophet 

SiTime, www.sitime.com. 

Bosch Sensortec, www. 
bosch-sensortec.com. 
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Power Efficiency x 8 

Lowest Power, 8-Ch, 10- and 12-bit ADCs - Up to 65MSPS 



The ADS5281 from Texas Instruments is the first in a family of eight-channel, low-power, 10- and 12-bit 
ADCs capable of speeds up to 65MSPS. With advanced features exclusive to Tl, this family of ADCs enables 
next-generation medical imaging and wireless communications designs to double system performance 
without increasing power consumption or board space. That's High-Performance Analog » Your Way™, 



www.ti.com/ads5281 1.800.477.8924 ext. 14233 

Get Samples and Evaluation Modules 
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Upgradable scopes capture IG-sample 
records on all channels simultaneously 



Agilent Technologies has 
announced a series of 
high-performance real- 
time-sampling DSOs (digital- 
storage oscilloscopes) that you 
can purchase with or upgrade 
to a waveform -memory depth 
of 1 G samples on each of four 
channels. This record length 
is five times as great as that 
available in the deepest-mem- 
ory competitive scope. The 
Infiniium 90000A Series also 
offers what the manufacturer 



calls the first integrated hard- 
ware/software-triggering sys- 
tem and the only three-level 
triggering system. InfiniiScan 
Plus, which identifies 150- 
psec hardware events, 75- 
psec software events, and 
250-psec glitches, combines 
multiple hardware triggers with 
InfiniiScan software to provide 
virtually infinite trigger com- 
binations for any debugging 
situation. 
At the maximum acquisi- 



tion rate of 40G samples/sec, 
which applies on all samples 
simultaneously the new DSOs' 
optional ultradeep memory 
captures a 25-msec record on 
each channel. Proprietary data- 
accelerator technology enables 
the industry's fastest data 
offload, allowing rapid access 
to offline analysis. The new 
scope platform also provides 
Agilent's recognized ultralow 
timebase jitter and input 
noise. (For example, thanks 
to the company's RF-design 
expertise, proprietary-packag- 
ing technologies, and unique 
CMOS-ADC architecture, the 
2.5-GHz-bandwidth unit offers 
a 1 47-|LJLV-rms noise floor at 5- 
mV/division sensitivity.) Both 
the DSO and the DSA (digital- 
signal-analyzer) models can 
perform more than 150,000 
measurements/sec and offer 
modes that support more than 
300,000 triggers/sec. 

The 90000A series includes 
2.5-, 4-, 6-, 8-, 1 2-, and 1 3- 
GHz-bandwidth models with 
memory depths of 10M, 20M, 
50M, 100M, 200M, 500M, 
and 1G samples/channel. 



S There is no 
penalty for 
waiting until 
you need it 
to purchase 
higher band- 
width. 

Upgradable memory depth and 
the industry's only upgradable 
real-time-oscilloscope band- 
width and oscilloscope-appli- 
cation-server licensing protect 
your investment. What's more, 
if you buy a lower performance 
model and later upgrade it, 
your total cost will be the same 
as if you had initially purchased 
the higher performance; in 
other words, there is no pen- 
alty for waiting until you need 
it to purchase higher band- 
width. Agilent even changes 
the model-number labeling to 
match the upgraded perform- 
ance. US prices for the series 
start at $29,000 and extend 
to $151,500 for the widest- 
bandwidth unit with the maxi- 
mum possible memory. 

-by Dan Strassberg 
Agilent Technologies, 
www.agilent.com/find/ 
90000A. 




Infiniium 90000A oscilloscopes allow both bandwidth and 
memory upgrades. Any instrument is upgradable to the series 
maximum-1 3-GHz bandwidth and an industry-leading 1G- 
sample/channel acquisition-memory depth. Both figures apply 
to each channel, even with all channels active. 



GPON-ONT IC delivers Gigabit Ethernet, voice, and video 



Deployment of GPON 
(gigabit-passive-opti- 
cal networks) is finally 
happening in North America 
with Verizon's drive to push 
fiber to the home (see "100- 
Mbps broadband: how, why, 
when, and where?" EDN, July 
6, 2006, pg 48, www.edn.com/ 
article/CA6347250). The pas- 
sively split, shared fiber in a 
GPON deployment can deliver 
voice, video, and data. Now, 
chip companies, such as lamba 



Networks, are focused on 
delivering ASSPs (application- 
specific standard products) to 
lower the cost of the customer- 
premises equipment. The com- 
pany's new iSNIOOO family of 
GPON ICs includes products 
targeting single-family homes, 
small businesses, and multi- 
dwelling units. 

The iSNIOOO chips imple- 
ment the ONT (optical-net- 
work-terminal) function that 
serves as the interface between 



the GPON fiber and traditional 
twisted-pair, cable-TV, and 
Ethernet wiring in the home, 
lamba based the iSNIOOO 
family on three RISC cores 
and a traffic processor that the 
company calls the iTM P (lamba 
traffic-pump module). The iTM P 
handles layer 2 and 3 network 
protocols at full wire speed and 
performs packet-classification, 
virtual-LAN, security and IPTV 
(Internet Protocol-television) 
functions. 



The iSNIOOO provides two 
GbE (Gigabit Ethernet) ports 
and supports multiple voice 
and video lines, lamba also 
offers a complete ONT-soft- 
ware package and a software 
package for the OLT (optical- 
line terminal) on the service- 
provider side of the G PON link. 
The iSNIOOO ICs will sell for 
less than $20 (high volumes). 

-by Maury Wright 
lamba Networks, www. 
I iamba.com. 
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Video Amplifiers 

High-Performance Analog »Your Way™ 



Whether you are designing for the consumer, high-performance or professional video market, Tl has an easy- 
to-use amplifier product portfolio of highly integrated and adaptable multi-standard devices that will improve the 
quality of your video image and help you win in the marketplace. That's High-Performance Analog»Your Way. 



THS7303, 7353 
THS7327, 7347 
THS7318 
THS7314, 15, 16 
OPA360, 361 
OPA693, 3693 
OPA875, 3875 



Lowest power SDTV up to HDTV 1080p 3-ch amp with PC and 3 to 5V supply 

First RGBHV 3-ch amp with 2:1 mux, monitor pass through, selectable filters and 3 to 5V supply 

Lowest power EDTV/SDTV integrated filter, video line driver in tiny package and 3 to 5V supply 

SDTV/HDTV 3-ch amp with integrated filters and 6 or 14.3dB gain and 3 to 5V supply 

SDTV 1-ch amp with integrated filter and 6 or 14.3dB gain and 3.3V supply 

Wideband video amps, 1 - or 3-ch fixed gain, 700MHz, 2500V/|js and ± 2.2 to ± 6V supply 

Fastest 2:1 high-speed video mux with 1 - or 3-ch at 31 OOV/|js, 700MHz and ± 3 to ± 6V supply 



www.ti.com/videoamps 1.800.477.8924 ext. 4207 

Get Sannples, Datasheets and Evaluation Modules 
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Octal continuous-time sigma-delta ADC 
targets ultrasound and industrial applications 



National Semiconductor 
is the first company 
to bring to market a 
high-speed, continuous-time 
sigma-delta converter. The 12- 
bit ADC12EU050 octal con- 
verter operates at 50M sam- 
ples/sec and uses only 44 mW 
per channel. Whereas conven- 
tional sigma-delta converters 
use internal switched-capaci- 
tor filters, continuous-time con- 
verters use op-amp filters that 
offer resistive-input imped- 
ances. You face a trade-off for 
using this type of converter, 
however: You cannot vary sam- 
pling rates over a wide range 
because the parts must oper- 
ate near 50M samples/sec. In 
addition to the resistive inputs, 
a major benefit of the architec- 
ture is low power consump- 
tion. Because of the nature of 
the architecture, it requires no 
input-sample-and-hold circuit. 




National Semiconductor's continuous-time sigma-delta convert- 
ers provide the speed of pipeline converters with the low power 
dissipation of conventional switched-capacitor sigma-delta con- 
verters. 



Another benefit is single-clock 
recovery time from overloads. 
The SI NAD (signal-to-noise- 
and-distortion) figure is 68 dB. 
The part operates from 1 .2V, 
and you can drive the resistive 
inputs to a 2.1 V p-p range. 

Continuous-time delta-sig- 
ma converters have for 1 5 



years been the subject of 
academic scrutiny. National 
Semiconductor's January 
2007 acquisition of Xignal 
Technologies combined that 
company's advanced intel- 
lectual property with National 
Semiconductor's design, test, 
and manufacturing might. The 



company produces the part on 
a fine-line, 0.1 3-micron CMOS 
process from TSMC (Taiwan 
Semiconductor Manufacturing 
Co, www.tsmc.com). The part is 
the first in a line that will pro- 
vide low-power, high-speed, 
1 0- and 1 2-bit converters. 

The devices have an inter- 
nal low-jitter PLL (phase- 
locked loop) that cleans up and 
reduces the jitter of the applied 
clock signal while multiplying it 
by 1 6. The device uses this 
clock, divides it back down to 
the input frequency, and pro- 
vides a pin for designers to use 
as a low-jitter system clock. A 
member of the company's 
Powerwise data-converter line, 
the part is available for sam- 
pling, and high-volume pro- 
duction will begin in the third 
quarter of this year. It comes in 
alOxlO-mm, 68-pin LLP and 
operates over a -40 to +85°C 
temperature range. The price is 
$64(1000).-by Paul Rako 

National Semiconductor, 
www.national.com. 



AMD UNVEILS 55-NM GRAPHICS PROCESSORS FOR LESS THAN $1 00 



With the aim of deliver- 
ing outstanding graphics 
performance to the main- 
stream, AMD (Advanced 
Micro Devices) recently 
added the entry-level ATI 
Radeon HD 3400 and 
mainstream ATI Radeon 
HD 3600 graphics proces- 
sors to its ATI Radeon HD 
3000 series. Both proces- 
sors integrate DisplayPort 
display connectivity, 
which allows the units to 
exceed current manufac- 
turing expectations in the 
industry, according to the 
company. 

The chips are part of 
AMD's first family of 
graphics cards using 
55-nm manufacturing- 
process technology and 



allow users to view Blu- 
ray or HD DVDs in lOSOp, 
thanks to AMD's UVD 
(unified-video-decoder) 
technology. The proces- 
sors allow consumers to 
create immersive-home- 
theater environments 
using the built-in support 
for six-channel (5.1) Dolby 
Digital surround-audio 
transmission through an 
HDMI (high-definition- 
multimedia interface). 

in addition, the ATI 
Radeon HD 3450 sup- 
ports fully silent (passive) 
cooling for home-theater 
PCs. The processors al- 
low twice the bandwidth 
of DVi (digital-video inter- 
face) due to the integrat- 
ed DisplayPort support. 



which the company says 
allows low-cost, high- 
resolution, and bit-depth 
panels. 

Gamers looking for 
graphics processors 
that allow for further 
scalability will find that 
both series contain ATI 
CrossFireX, which adds 
the option of multipro- 
cessor upgradability. ATI 
Hybrid Graphics will allow 
users to combine an ATI 
Radeon HD 3400 proces- 
sor with a compatible 
AMD 7 series chip set to 
provide 3-D performance 
as part of the upcoming 
AMD mainstream high- 
definition "Cartwheel" 
desktop platform, adding 
further value to the 



gaming experience. 

Support for Microsoft 
DirectX 10.1 allows gam- 
ers to play HD games 
with 3-D graphics, real- 
ism, and shading effects, 
and PCI Express 2.0 
support allows for twice 
the throughput of cur- 
rent PCI Express cards. 
The peak throughput of 
PCI Express 2.0 is 5 Gbps 
per lane in each direc- 
tion versus 2.5 Gbps per 
lane in each direction for 
PCI Express 1.1. The ATI 
Radeon HD 3400 and ATI 
Radeon HD 3600 series 
cost $49 to $65 and $79 
to $99, respectively, 
-by Ann Steffora Mutschler 

Advanced Micro 
Devices, www.amd.com. 
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ICs that enable world-class diagnostics 

for any patient, anywhere. 





ADI is a member of Continua Health Alliance, an international group of technology, 
medical device, and health and fitness industry leaders, dedicated to making 
personal telehealth a reality. 



Our newest medical innovations 




AD9271 : 8-Channel Ultrasound Receiver 

Combined LNA, VGA, AAF, ADC blocks reduce signal path 
size by 50%, power by 25%. Enables a new level of patient 
care with accurate images in battery-powered equipment 
for nontraditional environments. 

AD8339: Doppler Phase Shifter 

Replaces crosspoint switches and analog delay lines, 
saving up to 75% of board space, 30% of power 
consumption. Allows increased channel density and 
CW Doppler capabilities in portable equipment. 

AD7982: 1 MSPS, 18-Bit, 7 mW ADC 

Combines high accuracy, 95% less power, 80% less 
space than other ADCs. Enables patients to carry their 
cell-phone sized heart monitor all day long during their 
hospital recovery. 

ADuM240x: /Coupler® 4-Channel Digital Isolator 

Replaces optocouplers with an integrated solution to 
reduce costs and space up to 60%. Multiple channels of 
5 kV reinforced insulation in a single package simplifies 
design, improves reliability. Approved for medical grade 
isolation per lEC 60601-1. 



User experience defines the design; 
ADI defines the possibilities 

With Analog Devices ICs inside their designs, medical engineers are 
dramatically improving the diagnostic experience for patients and 
practitioners everywhere. That's because ADI offers an industry-leading 
portfolio of standard and application-tuned amplifiers, data converters, 
microcontrollers, MEMS, low drop out regulators, and digital isolators 
with unequaled performance, size, cost, and power advantages. From 
imaging to monitoring to instrumentation, from medical to consumer 
to communications — wherever user experience defines the design, 
ADI is there. 

To experience what Analog Devices ICs can do for your designs, 
visit www.analog.com/medical-ad1 . 



analog is everywhere: 
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GreenPeak Technologies' 
Gees Links: wireless- 
networking visionary 

Cees (pronounced case) Links is an engineer and the 
chief executive officer at GreenPeak Technologies (www. 
greenpeak.com), an international supplier of low-power 
wireless-system modules compatible with IEEE 802.15.4 and 
ZigBee. Based in Utrecht, the Netherlands, Links has been 
a pioneer in the wireless industry and was involved in the 
establishmentof the IEEE 802.1 1 standardization committee and 
the Wi-Fi Alliance. Links holds a bachelor's degree in electrical 
engineering and a master's degree in applied mathematics from 
Twente University of Technology (Enschede, Netherlands). The 
following is an excerpt of EDMs interview with Links. For the full 
interview, go to www.edn.com/080221 pi . 

Why did you select engi- dous waste of energy in our 

environment and the tremen- 
dous opportunity for conserv- 
ing that energy. For example, 
lights can be switched off 
when no one is in a room, and 
temperature can be lowered 
when employees are not using 
a meeting room. With the help 

SThe biggest 
technical 
challenge is 
managing 
energy con- 
sumption with- 
out reducing 
range or 
functionality. 

of sensor networks, consumers 
and plant managers can better 
identify wasteful energy use 
and institute automated proce- 
dures, like switching off lights 
and lowering temperature, that 
facilitate the design of smarter, 
more efficient homes, build- 
ings, and industrial plants. 
Until now, wires and cables 



neering and high technology 
as your profession? 

As an engineer and 
manager, I am very for- 
tunate to be able to combine 
creativity and innovation in my 
job. It is very exciting to watch 
products come to life, especial- 
ly when these products have 
been designed by your own 
company. Whether it is soft- 
ware that goes live or a chip 
that is integrated into a laptop, 
seeing our products deployed 
in state-of-the-art products 
brings enormous job satisfac- 
tion. Creativity and the drive for 
true innovation are at the core 
of every high-tech-engineering 
job. I get a real thrill knowing 
that thousands of people use 
my company's Wi-Fi chips in 
their laptops every day Bring- 
ing comfort to people's every- 
day lives is a bonus. 

What is your vision for the 
future of wireless-network- 
ing technology? 
^■H Many people are not 
aware of the tremen- 



have limited the widespread 
adoption of sensor networks 
by making them difficult and 
expensive to install and main- 
tain. Wireless alternatives have 
emerged that simplify installa- 
tion and reduce cost. But high 
power consumption and the 
corresponding need for regu- 
lar battery replacement have 
made these wireless networks 
difficult and costly to maintain. 

To combat this problem and 
facilitate the widespread de- 
ployment of wireless-sensor 
networks, GreenPeak has de- 
veloped an ultralow-power- 
communication technology that 
uses energy harvested from 
the environment. GreenPeak's 
wireless technology is also 
self-forming and self-healing, 
which simplifies installation. 

GreenPeak's long-term vi- 
sion is to build a smarter world 
by developing a communica- 
tions platform with advanced 
sensing-interfacing capability 
that enables us to better con- 
trol our lives, homes, and envi- 
ronment. We believe that, in a 
connected world, people can 
live in a more comfortable and 
safer environment with less en- 
ergy waste. 

What are the biggest techni- 
cal challenges in achieving 
your vision? 

The sensors used in 
wireless-sensor net- 
works are often small and can- 
not hold large batteries. As a 
result, the batteries must be 
regularly replaced, which cre- 
ates a real maintenance head- 
ache. GreenPeak has over- 
come this problem by devel- 
oping alternative solutions for 
powering wireless-sensor net- 
works based on a different and 
low-power architecture that 
can use energy harvested from 
the environment. The biggest 
technical challenge is manag- 



i 
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ing energy consumption with- 
out reducing range or function- 
ality like speed and standards 
compliance. 

How will ultralow-power- 
network technologies fur- 
ther develop? 

^■H Low-power technology 
for wireless-sensor and 
-control networks will evolve 
in several stages. In the first 
stage, wireless-sensor net- 
works will replace standard 
wired implementations, there- 
by making sensor networks 
much easier to install and sig- 
nificantly less expensive. Elimi- 
nating battery replacement will 
also simplify maintenance and 
provide a higher level of safety 
and comfort, which will enable 
ultralow-power wireless-sensor 
networks to find widespread 
adoption in home, office, and 
industrial settings. 

What are your favorite lei- 
sure-time activities? 

I am happily married and 
'-^ have three daughters 
and a son. It is important to me 
to spend as much time with 
my family as possible or play 
the piano and enjoy a glass 
of wine. I also play in the local 
volleyball competition, where I 
enjoy playing and winning as a 
team, and I also love a strategic 
game of chess. 

-by Warren Webb 
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Babies, bouquets, and big events — 
courtesy of Analog Devices ICs. 




Our newest camera innovations 



AD9920A: Highly Integrated 
Analog Front End (AFE) 

Low noise image capture helps to deliver 
higher quality images at higher ISO settings. 
This high performance AFE consumes 50% 
less power than competitive AFEs. 

SSM2301: Fully Integrated, High Efficiency 
Class-D Audio Amplifier 

Our low power Class-D audio amplifier combines 
the ability to efficiently deliver more power out, 
with excellent THD and SNR audio fidelity, for a 
better remote playback experience. 

ADV7520NK: 80 MHz, HDMI Transmitter 

This HDMI transmitter enables faithful 
display of your high resolution photos on 
HDTV and consumes a fraction of the standby 
current of competitive solutions. 



Digital still cameras are all about the user experience — 
that's why more than half have ADI inside 

Crisp images. Clear remote audio. Long battery life. When the leading 
manufacturers of digital still cameras (DSCs) seel< to deliver the best 
user experience, they turn to Analog Devices for its proven credentials 
as an active partner on the design team. Our years of experience and 
applications expertise help manufacturers bring the newest DSCs to 
market on time and on budget. But it's not only camera designers 
and users who benefit from our extensive portfolio of high perform- 
ance analog and mixed signal ICs— we're also at the forefront of 
medical, automotive, communications, and industrial technologies. 
Wherever user experience defines the design. Analog Devices 
defines the possibilities. 

To experience what Analog Devices ICs can do for your designs, 
call 1-800-AnalogD or visit www.analog.com/digitalcameras. 
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BAKER'S BEST 




BY BONNIE BAKER 



Delta-sigma ADCs in a nutshell, 
part 3: the digital/decimator filter 

Following the modulator in the delta-sigma ADC is a digital/ 
decimator circuit. This circuit samples and filters the modu- 
lator stream of 1-bit codes. At the modulator output, high- 
frequency noise and high-speed sample rates are problems. 
However, because the signal now resides in the digital do- 
main, you can apply a digital-filter function to attenuate the 
noise and a decimator function to slow the output data rate. Designers 
often intertwine the digital filter and decimator functions in the same 
silicon. 



Figure 1 shows the signal as it trav- 
els through the digital/decimator-fil- 
ter functions. The digital-filter func- 
tion operates at the same rate as the 
modulator sampling rate (Figure la). 
Notice that the 24-bit code-train re- 
sembles the original signal (referenc" 
as 1 and 2). In the time domain, it 
looks like the digital-filter function is 
responsible for the low noise and high 
resolution of the delta-sigma convert- 
er. However, this function provides 
a second-order impact on the system 
noise by rejecting higher frequency 
noise, where the noise shaping from 
the modulator dominates noise re- 
duction in the lower frequency band 
(Figure lb). 



The digital-filter function provides 
a digital version of the input, but the 
data rate is still too fast to be useful. 
Although it might appear that you 
have an abundance of high-quality, 
multibit samples at a high sampling 
rate, you don't need most of this data. 

The second function of the digital/ 
decimator filter is the decimator. Dec- 
imation is the process of reducing a 
digital signal's output rate to the sys- 
tem's Nyquist frequency. One simple 
way to implement a decimating func- 
tion is to average together groups of 
24-bit codes (Figure Ic). The decima- 
tor accumulates these high-resolution 
data words, averages several words to- 
gether, outputs the average results. 
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and dumps the data for the next av- 
erage. A more economical way to im- 
plement a low-power decimator func- 
tion is to simply pick out a 24-bit word 
every Kth sample without performing 
additional averaging. (K is equal to the 
oversampling or decimation ratio.) 

Almost all delta-sigma converters 
incorporate a class of averaging fil- 
ters called sine or FIR filters, named 
for their frequency response. Many 
delta-sigma devices use other filters 
with sine filters for two-stage decima- 
tion. Low-speed industrial delta-sigma 
ADCs usually use only a sine filter. 

In the frequency domain, you can 
see that this digital/decimator filter 
simply applies a lowpass filter to the 
signal (Figure lb). In so doing, the 
digital/decimator filter has attenuated 
the higher frequency-modulator quan- 
tization noise. With the reduced quan- 
tization noise, the signal re-emerges in 
the time domain.EDN 

REFERENCES 

9 Baker, Bonnie, "Delta-sigma 
ADCs in a nutshell," EDA/, Dec 14, 
2007, pg 22, www.edn. com/article/ 
CA6512148. 

3 Baker, Bonnie, "Delta-sigma ADCs 
in a nutshell, part 2: the modulator," 
EDA/, Jan 24, 2008, pg 24, www.edn. 
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a Baker, R Jacob, CMOS Mixed- 
Signal Circuit Design, J Wiley & 
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Figure 1 The digital-filter output function produces a high-resolution result (a), while rejecting high-frequency noise (b). The 
decimator function slows the output data rate (c). 
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Design with the best: Power Management 




"A great website that makes 
it easy to find technical data 
as well as components. 

That's important. 

A team of engineers that can 
answer my product questions. 

That's important, too. 

The best power management 
selection. 

That's critical." 





You'll find the best components and the best Information In one site. 
Visit to make the most of the newest 

advances In power management, switching efficiency, circuit protection 
and solid-state illumination. 

Find more at and1 .800.4.NEWARK 
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DESIGN WITH THE BEST 



© 2008 Newark, a trademark of Premier Farnell Corp. All other trademarks, registered or unregistered, are ttie property of their respective hoiders. 





What does "better" mean? 

Since the days of Scottish inventor and engineer James 
Watt, engineering practice has focused on balancing mul- 
tiple goals: improving performance, increasing robustness, 
expanding function, and reducing cost. As has been the 
case for the two centuries since Watt, the market decides 
for each product the value of any particular combination 
of these four attributes. Alas, thus far, no one has extracted a useful val- 
ue predictor from the historic market data. 

Engineers can and do observe mar- 
ket behaviors, however, and they 
glean trends that help inform engi- 
neering judgments. During the last 20 
years or more, the trend in consum- 
er products has been to push the bal- 
ance to favor cost reduction, product- 
function expansion, and performance 
improvement, often at the cost of ro- 
bustness. The assumption has been 
that rapid advances in technology will 
render products obsolete before their 
marginal robustness becomes an issue. 
As successful as this strategy has been, 
its usefulness may be running out for 
two reasons. 

A number of consumer products 
have evolved to the point at which 
existing performance levels and fea- 
tures are entirely adequate for most 
users. Further efforts to increase val- 
ue along these two axes may not en- 
joy correspondingly greater traction in 
the market. 

For example, a low-end home com- 
puter selling for a fifth of the origi- 
nal IBM model 5150 PC's price oper- 
ates with a clock nearly three orders of 
magnitude faster, a dual-core processor 
with eight times wider datapaths, and 
four orders of magnitude larger mem- 



ANALOG DOMAIN 



BY JOSHUA ISRAELSOHN, CONTRIBUTING TECHNICAL EDITOR 



customer's use, the incremental value 
of increasing capability sharply drops. 
This situation is true of home comput- 
ers as well as mobile handsets, home- 
entertainment equipment, appliances, 
and a host of other products. 

As more products reach this point, 
at which typical models are entirely 
adequate to meet the market's needs, 
product robustness — or a lack there- 
of — becomes more conspicuous. This 
concept is particularly true in this 
modern age of so-called viral market- 
ing. In this environment, the picks 
and pans of ordinary users can influ- 
ence purchasing decisions more effec- 
tively than can your company's adver- 
tising efforts — particularly the pans. 

Nothing taints a customer's other- 
wise positive experience of a product 
or his or her assessment of its manu- 
facturer more than a failure within 
the device's expected lifetime. Com- 
mon failures for consumer and por- 
table devices include failures of elec- 
tromechanical parts, such as switches, 
keypads, and connectors. ESD (elec- 
trostatic discharge) and power-sup- 
ply surges induce another common 
class of failure mode. Rarely do I hear 
of consumer electronics failing at the 
core function. Rather, it's at the de- 
vice's periphery — the bits that stand 
between the functional core and the 
outside world — where one often finds 
the products' weaknesses and oppor- 
tunities to make products better. EDN 



Once a machine's 
capabilities are 
sufficient that they 
no longer limit the 
customer's use, 
the incremental 
value of increasing 
capability sharply 
drops. 

ory. A direct comparison of the two 
machines is not the point. Consid- 
er these devices rather as milestones, 
with many in between, measuring the 
progress the industry has made dur- 
ing 26 years of innovation. The mar- 
ket's response to this innovation has 
been tremendous. Consider, howev- 
er, how customers might value a dou- 
bling of any of the machine's capabili- 
ties. Can household customers benefit 
from a further doubling of clock speed 
or disk space? Would four cores change 
their typical experience enough to jus- 
tify the expense? 

Once a machine's capabilities are 
sufficient that they no longer limit the 



Joshua Israelsohn is a co-founder of ]AS 
Technical Media, where he manages the 
company 's technicaUcommunication-con- 
sultancy practice. He holds an SBEE 
from the Massachusetts Institute of Tech- 
nology (Cambridge) and has more than 
15 years of design experience. You may 
contact him at jisraelsohn@ieee.org. 
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Replacing fuses with the 1 180 Thermal Circuit Breaker 
is a significantly nnore effective method of protecting 
equipment and reducing factory downtime." 

Control 
the future 





Welcome to a new era of Circuit Control 
Technology from E-T-A 

A new reality driven by the need to develop 
innovative circuit protection ideas for the future. 

E-T-A's advanced 1180 thermal circuit breaker has 
been designed to provide superior circuit protection 
for factory equipment, mounting into a DIN rail 
terminal block. Its narrow width does not consume 
valuable panel space while a push-button actuator 
quickly indicates trip status. LED integration is 
available providing remote visual indication. 

As a superior replacement for fuses the 1 180 
provides increased overload protection, can be reset 
manually and mounts into a 35 mm DIN rail terminal 
block that can accommodate a bus connection. 

With E-T-A the future looks more reliable. 



E-T-A's 1180 can be purchased with a matching 
terminal block or it will fit into most common 
terminal blocks available. 




For more information go to: www.e-t-a.com/future 



Circuit Protection & Control 



BRIAN DIPERT SENIOR TECHNICAL EDITOR 



TV peripheral encompasses 
superset processor 

In September 2002, Delkin (www-delkinxom) introduced its eFilm 
Picturevision, which enables the playback of audio, still-image, 
and video files on a variety of memory-card formats- The price 
was then $159; by April 2004, the price was down to $9-99 after a 
$50 rebate. The device includes many hardware building blocks that 
enable it to work its decoding and displaying magic- 




pp] Go to www.edn.com/080221 pry 
^ for an expanded write- 
up of Picturevision, 
compiete witli 
additionai photos. 



The system design contains many 
elements of mystery. For example, the 
PCB has unpopulated sites for three 
additional SOP-enclosed ICs, along 
with unused locations for numerous 
capacitors, inductors, and resistors. 



The heart of Picturevision is ESS 
Technology's ES4318 DVD proces- 
sor. This 208-lead, PQFP-enclosed 
IC tackles JPEG images, MPS audio 
tracks, and MPEG-1 and MPEG-2 
video clips on behalf of Delkin's 
device. But, the ESS 10 can support 
many other formats. Picturevision is 
a case study of the appeal of lever- 
aging high-volume and, therefore, 
low-cost semiconductors. 



Picturevision's memory foundation com- 
prises a curious mix of three technolo- 
gies: Macronix's 8-Mbit 29F080 flash 
memory, AMIC Technology's 51 2-kbit, 
OTP A276308 EPROM, and two 1 6-bit 
AMIO A43L061 6 SDRAMs. Proximity 
and trace routing suggest that the 
29F080 houses code that the ES431 8 
executes, but what of the seemingly 
redundant nonvolatile A276308? Does it 
store overflow code for the ES431 8 that, 
by virtue of its EPROM location, you 
can't update within the system? Does 
it hold nonupgradable system data? Or 
is it the nonvolatile-memory partner to 
another system 10? And where is the 
EEPROM or battery-backed SRAM? 
Maybe this design needs no nonvolatile, 
byte-rewritable storage. 



Delkin's product natively handles 
OompactFlash I and II, including MicroDrive; 
Memory Stick, but not higher capacity 
Memory Stick Pro; Multimedia Oard; Secure 
Digital, but not higher capacity SDHO 
(secure-digital high-capacity); and now- 
defunct SmartMedia module formats. Front- 
panel LEDs indicate valid system power 
and in-progress memory-card accesses. On 
the other end of the front panel, you'll find 
an infrared receiver that partners with the 
supplied remote control. 




Oirrus Logic's OS4955 
video encoder combines 
with an NTSO/PAL switch 
on the system back panel 
to convert the ES4318's 
digital-video output into a 
composite analog-video 
connection. Similarly, Texas 
Instruments' POM 1723 
DAO with integrated PLL 
translates the ES431 8's 
PS audio interface into 
two-channel analog audio. 



Oonsider, too, the mysterious QFP 
chip with the word "DRIVE" stamped 
in large type on the first line of the 
package mark, "free" below it, and 
"PF08-2-0-0" on line three. No amount 
of Google searching uncovered the 
chip's identity, and those at Delkin 
who might know the answer have long 
ago departed. My guess is that it's an 
interface chip that translates between 
Picturevision's various memory-card 
slots and the ATARI (advanced-tech- 
nology-attachment-packet-interface) 
port that the ESS ES431 8 expects. 
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□ 3M □ 



□ AavidThermalloy □ 

□ Abbatron/HH Smith 

□ Abracon Corporation □ 

□ Advanced Micro Devices (AMD) □ 

□ Agastat — See Tyco Electronics □ 

□ Agilent Technologies — 

See Avago Technologies □ 

□ Agilent Technologies Test □ 

Equipment □ 

□ AIM Electronics — See Emerson □ 

Network Power □ 

□ Akro-Mils □ 

□ Alcoswitch — See Tyco Electronics 

□ Allied □ 

□ Alpha Wire 

□ AltechCorp. □ 

□ American Beauty □ 

□ American Electricaljnc. □ 

□ American Power Conversion (APC) □ 

□ American Zettler, Inc. 

□ Ametek — National Controls □ 

Corporation (NCC) — See NCC □ 

□ Ametek/Pittman* □ 

□ Ametek^iP □ 

□ AMP® — See Tyco Electronics □ 

□ Amperite □ 

□ Amphenol □ 

□ Amprobe 

□ Analog Devices, Inc. □ 

□ AND/Purdy Electronics □ 

□ Anderson Power Products 

□ Angstrohm/Vishay 

□ APC — See American Power 

Conversion □ 

□ API/Delevan □ 

□ APMHexseal □ 

□ Arcotronics America, Inc. □ 

□ Areva/FCI-SeeFCI □ 

□ Aromat — See Panasonic □ 

Electric Works 

□ Aromat Controls — See □ 

Panasonic Electric Works □ 

□ Artisan Controls □ 

□ ASC Capacitors □ 

□ Assembly Technologies — See □ 

American Beauty □ 

□ ATC 

□ Atmel 

□ Augat — See Tyco Electronics 

□ Ault Incorporated — See SL Power □ 

□ Automatic Timing & Controls— □ 

See ATC □ 

□ Avago Technologies □ 

□ AVX □ 

□ Axicom — See Tyco Electronics □ 

□ AZ Displays, Inc. □ 



□ Banner Engineering 

□ BCcomponents/Vishay 

□ BEI Duncan 

□ Belden 

□ Beyschlag/Vishay 

□ BK Precision 

□ Bogen Communications, Inc. 

□ Bomar Interconnect Products 

□ Bourns 

□ Box Enclosures 

□ Brother International 

□ Buchanan — See Tyco Electronics 

□ Bud Industries 

□ Bulgin Components, pic 

□ Bussmann — See 

Cooper Bussmann 



C&K Components 
C.K Tools 
Caddock 

Cambridge Products — See 
Emerson Network Power 
CarlingTechnologies 
Carlo Gavazzi, Inc. 



Cera-MiteA'ishay 
Chemtronics — See 

ITW/Chemtronics 
Cherry Electrical Products, Inc. 
Chicago Miniature Lamp — See 

CML Innovative Technologies 
Cll — See Tyco Electronics 
Cinch 

Clarostat — See 

Honeywell/Clarostat 
CML Innovative Technologies 
Coleman Cable Inc. (CCI) 
Collmer.com — See HVCA 
ComairRotron 
Condor — See SL Power 
Contact Connector — See 

LAPP USA 
Control Concepts — See 

Emerson Network Power 
Conxall 

Cooper Bussmann 
Cooper Tools 
Copal Electronics — 

See Nidec Copal Electronics 
Corcom — See Tyco Electronics 
Cornell-Dubilier 
Cosel U.S.A. Inc. 
Crouzet 
Crydom Inc. 

Crystek Crystals Corp.* 

CSI/Speco — See 

Speco Technologies 
Custom Connector 
CynergyS Components 



Dale/Vishay 
Dallas Semiconductor 
Danaher/Veeder-Root 
Dantona Industries, Inc. 
Davies Molding 
Dearborn — See 

Manhattan Wire Products 
Desco 
Dialight 

Diversified Electronics — See ATC 

Draloric/Vishay 

Duracell 

Dymo- See Also RHINO 



E-T-A Circuit Protection & Control 
Eagle Richer 
EAO Switch 

Eaton/Commercial Controls 
Eaton/Heinemann 
ebm-papst 
EBTOptronic — See 

CML Innovative Technologies 
Ecliptek Corporation 
Edwards Signaling 8c 

Security Systems 
EIKO 
Elco/AVX 
Electrix 

Electrocorp — See 
Honeywell/Electrocorp 

Electronic Hardware 
Corporation (EHC) 

Electroswitch Inc. 

Elmwood — See 
Honeywell/Elmwood 

Elpac Power Systems 

Emerson Network Power 

Energizer 

EnerSys (formerly Yuasa) 
ENM Company 
EPCOS 

EREM — See Cooper Tools 
ETI Systems 
Excelta Corporation 
Extech Instruments 



□ 


Fagor 


□ 


□ 


Fair-Rite 




□ 


Fan-S — SeeOualtek 






Electronics Corp. 




□ 


FCI 


□ 


□ 


Fenwal — See 


□ 




Honeywell/Fenwal 


□ 


□ 


FerriShield 


□ 


□ 


Floyd Bell Inc. 


□ 


□ 


Fluke 




□ 


Foil Resistors/Vishay 


□ 


□ 


Fox Electronics 


□ 


□ 


Freescale Semiconductor 


□ 


□ 


Fuji Semiconductor, Inc. 


□ 



□ Jonard — See OK Industries 



K-Sun 

KEMET 

Kester Solder 

Keystone Electronics 

Keystone Thermometries — See 

GE Infrastructure Sensing 
Kilo International 
Kilovac — See Tyco Electronics 
Klein Tools 
Kroy, Inc. 



□ 


Garrett Electronics Corp. 


□ 


Loom Connectivity Products 


□ 


GC Electronics 


□ 


Lambda Americas, Inc. 


□ 


GE (General Electric) Capacitors 


□ 


LAPP USA 


□ 


GE Infrastructure Sensing 


□ 


Lascar Electronics 


□ 


General Cable Corp. 


□ 


Lattice Semiconductor 


□ 


General Semiconductor/Vishay 


□ 


Leecraft — See Lighting 


□ 


Global Specialties 




Components and Design 


□ 


Globe Motors'" 


□ 


Lighting Components and Design 


□ 


Grasslin 


□ 


Linemaster 


□ 


Grayhill 


□ 


Littelfuse 


□ 


Greenlee 


□ 


Lumberg 


□ 


Guardian Electric 


□ 


Lumex 


H 1 


1 M 



□ OmronSTI 

□ ON Semiconductor 

□ Optek Technology* 

□ Opto 22 

□ Orion (Knight Electronics Inc.) 

□ Osram/Sylvania, Inc. 



□ P&B- See Tyco Electronics 

□ PacTec 

□ Paladin Tools 

□ Panasonic 

□ Panasonic Electric Works 

□ Panasonic Electric Works/Sunx 

□ PanaVise 

□ Panduit 

□ Pass & Seymour* 

□ Patlite 

□ Payne Engineering 

□ Pepperl + Fuchs 

□ PerkinElmer Optoelectronics 

□ Phihong 

□ Philips Semiconductors — 

See NXP Semiconductors 

□ Phoenix Contact 

□ PICO 

□ Pilz 

□ Plato Products 

□ Piatt Luggage 

□ Polycase 



□ Sprague/Vishay 

□ SRC Devices 

□ SSP/Vishay 

□ Staco Energy Products Co. 

□ Stancor/White-Rodgers 

□ Steinel 

□ Sti (Scientific Technologies Inc.) — 

See Omron STI 

□ STMicroelectronics 

□ Storm Interface 

□ Streamlight 

□ Struthers-Dunn 

□ Sunbrite — See Lumex 

□ Sunon Fans 

□ SunX/Aromat - See Panasonic 

Electric Works/Sunx 

□ Superior Electric 

□ SurgX — See Cooper Bussmann 

□ Switchcraft 

□ Sypris Test 8c Measurement — 

See FW Bell 



Hammond Manufacturing 

Hammond Power Solutions 

HARTINGEIektronik 

Hartman — See Tyco Electronics 

HellermannTyton 

Hermetic Switch, Inc. 

HH Smith -See 

Abbatron/HH Smith 
High Voltage Power Systems — 

See HVCA 
Hirschmann* 

Hobbs — See Honeywell/Hobbs 

Honeywell 

Honeywell/Clarostat 

Honeywell/Electrocorp 

Honeywell/Elmwood 

Honeywell/Fenwal 

Honeywell/Hobbs 

Honeywell/MicroSwitch 

Honeywell/Opto Products 

Honeywell/Sensotec* 

Honeywell/SenSym 

Hoyt 

Hubbell Wiring Device-Kellems 

Hurst 

HVCA 



ICC/lntervox 
Ico-Rally 
ICR DAS USA 
Ideal Industries 
IDEC Corporation 
Identification — See 
Tyco Electronics 
IFF 



□ 


Macromatic 




Potter 8c Brumfield — See 


□ 


Magnecraft/SE Relays 




Tyco Electronics 


□ 


Mallory — See Cornell-Dubilier 




Power-One 


□ 


Mallory Sonalert 




Power-Sonic 


□ 


Manhattan Wire Products 




Primary Power Components 


□ 


Marathon Special Products* 




(PRC) -SeeOualtek 


□ 


Marsh Bellofram — See ATC 




Electronics Corp. 


□ 


Master Appliance 




Products Unlimited — 


□ 


Maxim/Dallas Semiconductor 




See Tyco Electronics 


□ 


Measurements Group/Vishay 








□ 


Menda 







□ 


Merlin Gerin 




X 


□ 


Metcal 




0-Cee's — See Tyco Electronics 


□ 


Meterman 




Oualtek Electronics Corp. 


□ 


MG Chemicals 




Quest Technology 


□ 


Micro-Measurements/Vishay 




International, Inc. 


□ 


Microchip 






R 


□ 


Microdot — See Tyco Electronics 


□ 


Micron Technology, Inc. 
Microsemi 


□ 




RAF 


□ 


MicroSwitch — See 




Raychem — See Tyco Electronics 
Recom* 




Honeywell/MicroSwitch 




□ 


Midtex — See Tyco Electronics 




Red Lion Controls 


□ 


Mill-Max 




Redington Counters, Inc. 


□ 


Modutec (Jewell Instruments) 




RHINO -See Also Dymo 


□ 


Molex 




Richco 


□ 


Molex/Waldom 




Roederstein/Vishay 


□ 


Motorola Semiconductor — See 




Rotron — See Comair Rotron 




Freescale Semiconductor 




Ruland 


□ 


Mueller 







□ 

□ igus 

□ Illinois Capacitor, Inc. 
~ Infineon 

Insultab 

Integrated Device 

Technology (IDT) 
Intel 

Interconnect Devices, Inc. | 
International Rectifier 
Intersil 

Itailiana/Vishay 
ITT/Cannon — See 

C8cK Components 
ITW/Chemtronics 



□ FW Bell (Sypris Test 8c 
Measurement] 



□ JAE Electronics, Inc. 

□ Johnson Components, Inc.— 

See Emerson Network Power 



□ Nanonics — See Tyco Electronics 

□ National Controls Corporation 

(NCC) -See NCC 

□ National Electronics 

□ National Semiconductor 

□ NCC 

□ Neutrik 

□ Nidec Copal Electronics 

□ NKK Switches 

□ Northern Technologies 

□ NTE Electronics, Inc. 

□ NXP Semiconductors 



□ OEG — See Tyco Electronics 

□ Ohmite 

□ OK Industries 

□ OKW Enclosures 

□ Olflex Wire and Cable- 

See LAPP USA 

□ Olympic Wire and Cable Corp. 

□ Omron Automation 

□ Omron Electronic Components 



□ SAIA-Burgess □ 

□ SanDisk □ 

□ Sanyo Batteries □ 

□ Schaffner □ 

□ Schrack — See Tyco Electronics □ 

□ Schurter □ 

□ Seico □ 

□ SemiKron ■ 

□ Sensotec — See I 

Honeywell/Sensotec I 

□ SenSym— SeeHoneywell/SenSym □ 

□ Serpac □ 

□ Sfernice/Vishay □ 

□ Shurite 

□ Siliconix/Vishay 

□ Silonex 

□ Simpson □ 

□ SL Power 

□ SloanLED 

□ SMC 

□ Sola/Hevi-Duty □ 

□ Souriau, Inc. 

□ Speco Technologies 

□ Spectra 'Strip/ITD — See Amphenol 

□ Spectrol/Vishay 



Tadiran 

Tapeswitch 

Techspray 

Techno/Vishay 

TEKO 

Tektronix 

Teledyne Relays 

Telemecanique 

Texas Instruments 

Thermometries — See 

GE Infrastructure Sensing 
Thin Film/Vishay 
Thomas 8c Betts 
Thordarson Meissner 
Time Mark Corporation 
Toshiba 

Triad Magnetics 
Tripp Lite 
TURCK 

Twin Industries 
Tyco Electronics 
Tyton Hellermann — See 
HellermannTyton 




Vector Electronics 8c Technology 
Viewsonics — See 

Emerson Network Power 
Vishay 

Vishay Semiconductors 
Vitramon/Vishay 
Volex Power Cords 



Waber by Tripp Lite 
WECO 

Weller — See Cooper Tools 

White-Rodgers 

Wire Pro, Inc.- See WPI 

Wiremold 

WPI 



Xcelite — See Cooper Tools 

Xicor 

Xilinx 




Zettler Magnetics 

*New Supplier 



ALUED ELECTRONICS' 



Supplier Linecard 

Your first choice for world-class brands. 

1.800.433.5700 
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High Speed, High Accuracy, Low Power ADCs for 
Efficient Precision Control 

Today's designs for motor control and automotive applications require ADCs that have high speed 
to digitize auxiliary input/output signals, real-time results output to the processor, and simultaneous 
sampling to maintain correct phase information. Meeting these needs in a compact footprint is a 
challenge faced by all 10 suppliers. 

Solution . 



The AD7356 12-bit, 5 MSPS, dual-channel 
simultaneous sampling ADC is unlike any other 
SAR ADC that ADI offers. It is 25% faster than 
Other single-channel SAR ADCs in the 12-bit 
resolution range and 3x faster than the next 
fastest simultaneous sampling SAR ADC. 

The higher data throughput rate offered by the 
AD7356, with no limitation on time between 
conversions, provides a key performance 
advantage for devices where continuous 
measurement of motor functions is required 
to maintain precision operation. One such 
application is optical encoders used in high speed 

industrial motor controls. ADI also offers an extended portfolio of high performance products 
offering lower speed or increased channel count to suit all design needs. Pair ADI's AD8022 ADO 
driver with the AD7356 for optimal low noise driving. 




APPLICATIONS 

• Industrial motion control 

• Adaptive cruise control (ACC) 
|« RFID transceivers 



Product 


Description 


Power Dissipation 
(mW)* 


Paclcage 


Price 
($U.S.) 


AD7356 


Dual, 5 MSPS, 
12-bit, 1 -channel 


35 


16-lead TSSOP 


7.89 


AD7357 


Dual, 4.25 MSPS, 
14-bit, 1 -channel 


38 


16-lead TSSOP 


10.81 


AD7276 


Single, 3 MSPS, 
12-bit, 1 -channel 


12.6 


6-lead TSOT 


6.25 


AD7266 


Dual, 2 MSPS, 
12-bit, 3-channel 


27 


32-lead LFOSP, 
32-lead TQFP 


7.55 


AD7265 


Dual, 1 MSPS, 
12-bit, 3-channel 


17 


32-lead LFOSP, 
32-lead TQFP 


5.75 


AD7866 


Dual, 1 MSPS, 
12-bit, 2-channel 


18 


20-lead TSSOP 


5.95 



*Typical power dissipation. 



REE OFFER 

mples and Data Sheets 



iwww.analog.com/V8ADC 
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Integrated Analog Front End (AFE) Contains Eight Ultrasound Receive Channels in a Single IC 



AD9271: MULTICHANNEL LNA-VGA-ADC ARRAY 




"Single channel shown 



AD9271-25 



$40.00 



The AD9271 delivers an unprecedented level of integration 
for cart-based and portable ultrasound designers. Each of the 
eight channels features a low noise amplifier (LNA), an 8 x 6 
differential crosspoint switch for continuous wave (CW) Doppler, a 
variable gain amplifier (VGA), an antialiasing filter (AAF), and a 
12-bit analog-to-digital converter (ADC). The AD9271 operates 
on a 1 .8 V supply, consuming only 150 mW/channel at 50 MSPS. 
With eight channels in a 1 6 mm x 1 6 mm, 1 00-lead TQFP, the 
AD9271 allows ultrasound system designers to increase their 
channel count and image quality without increasing the size or 
power consumption of the equipment. 

By integrating high performance elements into a single IC, 
superior image quality is enabled on portable and cart-based 
ultrasound systems used in emergency rooms, doctors' offices, 
and clinics. Each channel of the AD9271 features a variable gain 
range of 30 dB, typical input referred noise of 1 .2 nV/VHz @ 5 MHz, 

input dynamic range of 157 dB/VHz, a programmable third-order Butterworth antialiasing filter, a 12-bit ADC with an SNR of 70 dB, 
and spurious-free dynamic range (SFDR) of 80 dB. It is possible to power down individual channels to extend battery life during 
display mode only, or to power down the data conversion path when using the LNA in CW mode. 

Dual, Simultaneous Sampling, 14-Bit, 1 MSPS, Low Power SAR ADC for Motor Control 

Approximately 70% of the electricity generated globally is used to run motors. More efficient motor drives reduce power 
consumption — leading to substantial energy savings. ADI has produced a range of products that may be used to ensure that motors 
are more efficient. Our portfolio includes the AD7264, a true differential, dual, 1 MSPS, 14-bit, 2-channel ADC that acquires motor 
shaft position information from a shaft encoder. This system on a chip simplifies industrial motor control designs by integrating two 
successive approximation (SAR) ADCs, a programmable gain amplifier (PGA), and four comparators on a single IC. By providing a 
direct interface for multiple types of sensors, this new ADC solution allows a single, standardized data acquisition board for industrial 
motor drives, replacing as many as three 
separate boards as was previously required. 
This integration allows designers to develop 
simpler, more cost-effective, and efficient motor 
control units. 

The integrated PGA has a flexible gain setting 
from 1 to 128, which can be used to interface 
directly to a variety of encoders without 
requiring any additional circuitry. Also included 
on chip are four comparators. Three of these 
comparators can be used to monitor Hall effect 
pole sensors from a magnetic encoder or the 
inner tracks from an optical encoder. The 
fourth is used as a reference or "Z" marker. 

Offset and gain calibration registers can be 
used for device or system offset and gain 
calibration. The device features a variety 
of power-down options that allow users to 
optimize their power dissipation for different 
system requirements. Power-down options 
and PGA gain settings can be selected via the 
dedicated device pins or by writing directly to 
the device. ADI's AD81 32 and ADA4941 -1 are 
recommended drivers for single-ended 
and differential conversion. 



TYPICAL SYSTEM CONNECTION DIAGRAM 
FOR THE AD7264 




AD7264 
AD8132 
ADA4941-1 



$7.50 
$1.65 
$2.39 



FREE OFFER 



Samples and Data Sheets 



www.analog.com/V8ADC 




ADI Delivers Ultralow Power, High Sensitivity, and Fast Proximity Detection 

Detecting proximity with capacitance sensors is no easy 
task. IVIost applications focus on a particular performance 
requirement — power, for example. However, speed and 
sensitivity are also very important as they have a large bearing 
on the detection response time and the detection distance, 
respectively. In most cases, compromise cannot be tolerated 
on either of these three important specifications. Unfortunately, 
current solutions on the market focus on one of these three 
important requirements, but fail to deliver performance on the 
other two requirements. 



DIGITAL 




SERIAL 


FILTER 




INTERFACE 



AD7150 



EXCITATION 

rvn 



-Q 0UT2 



By using Analog Devices' state-of-the-art S-A ADC architectures, 
the AD71 50 and AD71 51 detect proximity without compromising 
power, sensitivity, or speed. Ultralow current consumption of 
70 fxA is delivered with a sensitivity of 1 fF and a detection speed 
of 10 ms. With a comparable sensitivity, the nearest competing 
device has a detection speed of 30 ms at a near lOx current 
consumption of 600 fxA. The AD7150 and AD7151 also feature an on-chip adaptive environmental algorithm, which automatically 
compensates for drifts in the capacitance sensor due to temperature, humidity, dust, and dirt. 



AD7150 
AD7151 



APPLICATIONS 

' Proximity sensing 
' Position detection 
' Contactless switching 



$1.35 
$1.35 



Part 
Number 


Number of 
Channels 


Current 
Consumption 

(fxA) 


Sensitivity 
(fF) 


Speed/ 
Response 
Time (ms) 


IVlax Sensor 
Capacitance 
CsENs(pF) 


Interface 


Package 


Temperature 
Range (^C) 


AD7150 


2 


100 


1 


10 


13 


PC® 


10-lead 
MSOP 


-40 to +85 


AD7151 


1 


70 


1 


10 


13 


PC 


10-lead 
MSOP 


-40 to -H85 



LOW JITTER CLOCK BUFFERS DRIVING ADCs 



ANALOG 
INPUT U- 



ANALOG^V^ 
INPUT U- 




Low Jitter Clock Buffers Improve 
ADC Performance 

High speed, high performance ADCs are now able to sample 
very high frequency signals with great accuracy. To do so 
reliably, however, requires an extremely low jitter clock source 
at the ADC encode pins. 

The diagram on the right shows how the new 1 :2 ECL clock 
buffer, the ADCLK925, may be used to deliver a low jitter encode 
clock to two ADCs. Because the ADCLK925 features random 
rms jitter of less than 100 femtoseconds (fs), the resulting 
ADC signal-to-noise ratio (SNR) typically improves by 12 dB 
as compared with circuits with 400 fs of clock jitter Also, the 
integration of two clock buffers on a single chip ensures that the delay skew between clock A and clock B will be negligible. 
Fast output rise and fall times of 60 ps maximize bandwidth and signal integrity. Any extra SNR realized in the ADC stage is passed 
on to digital processing chips, such as digital downconverters (DDCs). These digital filters are more accurate and predictable than 
their analog equivalents. The overall benefit to the system designer is a smaller, lower cost, higher performing digitizer circuit. 



ENCODE INPUTS 



Part Number 


Number of 
Inputs 


Max Clock 
Input (GHz) 


Number of 
Outputs 


Max Clock 
Output (MHz) 


Price ($U.S.) 


ADCLK905 


1 


6 


1 


6000 (ECL, PECL, LVPECL) 


5.60 


ADCLK907 


2 


6 


2 


6000 (ECL, PECL, LVPECL) 


7.95 


ADCLK914 


1 


2.5 


1 


2500 (HVDS) 


6.95 


ADCLK925 


1 


6 


2 


6000 (ECL, PECL, LVPECL) 


6.95 



3 



For samples and data sheets, visit www.analog.com/V8ADC 
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Multichannel ADCs Reduce Power and Space Requirements 

As data acquisition designers are challenged to deliver solutions that provide the greatest accuracy with the highest integration and 
lowest power, multichannel ADCs have become an increasingly popular choice. The AD768x family of 1 4-bit and 1 6-bit ADCs meets 
all of these requirements with added features to further simplify design cycles. 

The AD7699 is the fastest 16-bit, 8-channel ADC at 500 kSPS. Both the AD7682 and AD7689 provide 2.7 V operation to save on 
power. The 14-bit AD7949 provides 8-channel operation at low cost. Other family features include a configurable multiplexer that 
allows for single-ended, differential, or bipolar input signals, a selectable voltage reference (2.5 V or 4.096 V), a temperature sensor, 
a selectable one-pole filter, and a sequencer to allow continuous scanning of channels. Recommended driver amplifiers for the 
AD768X family include the ADA4841 -2, AD8021 , and AD8022. 



Part 
Number 


Channels 


Resolution 
(Bits) 


Sampling Rate 
(kSPS) 


INL Error 
(ppm) 


Voltage Supply 
(V) 


Price 
($U.S.) 


AD7682 


4 


16 


250 


30 


2.7 to 5 


4.80 


AD7689 


8 


16 


250 


30 


2.7 to 5 


6.99 


AD7699 


8 


16 


500 


30 


5 


7.99 


AD7949 


8 


14 


250 


60 


2.7 to 5 


3.99 



24-Bit Oversampling ADCs for Low 
Power Equipment 

ADI's 24-bit oversampling ADCs were designed to extend the 2-A portfolio beyond 
the output data rates of the industrial type 2-A ADCs. 

These ADCs combine the benefits of a large dynamic range and input 
bandwidth and, in the case of the AD7766 and AD7767, low power for high 
end instrumentation applications such as vibration analysis, sonar, and audio. 
In applications where small changes on the input are measured on larger ac or 
dc signals, the AD776X product family is the perfect design fit. Recommended 
complementary ADI products for the AD776x family include the ADA4841 low 
noise and distortion rail-to-rail output amplifier, and the ADA4941 low power, low 
distortion, high SNR driver amplifier. 



Highest Dynamic Range anil 
lowest Power in Its Glass 



DCVlCLS 

pffECisiDN ann 
A077G7 



■V ' 24-Bii 

' 125kSPS 
- W9.5dBSm 



■ 3ppm m 



APPLICATIONS 

' Data acquisition • Radio and HF radio 
' Vibration analysis • Sonar 
g monitoring 



i 



Part 
Number 


Dynamic 
Range (dB) 


IVlax Output 
Data Rate 


Programmable 
Oversampling Rate 


Interface 


Package 


Low Power 
Mode (mW) 


Price 
($U.S.) 


AD7760 


120 


2.5 MSPS 


8X to 256X 


16-bit parallel 


64-lead TQFP 


661 


34.95 


AD7762 


120 


625 kSPS 


32 X to 256 X 


16-bit parallel 


64-lead TQFP 


661 


17.95 


AD7763 


120 


625 kSPS 


32 X to 256 X 


Serial 


64-lead TQFP 


651 


17.95 


AD7764 


115 


312kSPS 


64X,128X,256X 


Serial 


28-lead TSSOP 


160 


13.95 


AD7765 


115 


156 kSPS 


128X,256X 


Serial 


28-lead TSSOP 


160 


8.95 


AD7766 


109.5 


128 kSPS 


8X 


Serial 


16-lead TSSOP 


15 


5.95 


AD7766-1 


112.5 


64 kSPS 


16X 


Serial 


16-lead TSSOP 


10.5 


5.95 


AD7766-2 


115.5 


32 kSPS 


32 X 


Serial 


16-lead TSSOP 


8.5 


5.95 


AD7767 


109.5 


128 kSPS 


8X 


Serial 


16-lead TSSOP 


15 


8.50 


AD7767-1 


112.5 


64 kSPS 


16X 


Serial 


16-lead TSSOP 


10.5 


8.50 


AD7767-2 


115.5 


32 kSPS 


32 X 


Serial 


16-lead TSSOP 


8.5 


8.50 



FREE OFFER 



Samples and Data Sheets 



www.analog.com/V8ADC 



IF Diversity Chipset Eases Wireless Base Station Design Challenges 

As the industry migrates from voice-centric services and embraces feature-rich, multimedia content, wireless infrastructure 
designers need devices that support the higher data bandwidths of next generation mobile communications platforms. To help 
address these needs, ADI has developed the industry's highest linearity digital VGA and the fastest IF diversity receiver, which, when 
combined, reduce the number of devices and enable complex multicarrier wideband digital receivers into mainstream production. 
This combination of best-in-class performance, power consumption, size, and cost is ideally suited to meet the wider bandwidth 
and multicarrier signal processing demands of today's wireless infrastructure equipment. 

The AD8376 and AD6655 is the first dual-channel, digital VGA and IF diversity receiver combination optimized for 2.5G and 3G 
wireless base stations. This combination supports standards such as CDMA2000, UMTS, and TD-SCDMA, as well as WiMAX wireless 
equipment. These devices simplify system complexity and cost by handling both main and diversity channels in a simple device pair. 



AD8375/AD8376 
Digital VGA Features 

• 0IP3: 46 dBm@100 MHz 

• +44 dBm output IPS 

• Bandwidth: 600 MHz 

• Fine gain control range: 
24 dB 







Technical seminar 
available on demand: 
"Options and Solutions 
for RF System Design" at 
www.analog.com/ 
onlineseminars. 



AD6655 IF Diversity 
Receiver Features 

• 14-/1 2-bit, 80 MSPSto 
150 MSPS,dual ADC 
processing 

• Digital downconverter 
with 32-bit NCO 

• Decimating half-band filter 

• Band-pass filtering function 
with FIR 

• Signal monitoring and 
level detection 

• 1 to 8 clock divider 

• Multichip sync support 

• Pin-compatible to AD9640, 
AD9627,AD9600 






!F 



"V 



IF 



AD6655 IF DIVERSITY RECEIVER BLOCK DIAGRAM 

FD[0:3]A "RvDD 




SYNC+ SYNC- 



SDIO SCLK CSB 



Part 

^umber 


Description 


Price 
($U.S.)^ 


AD6655-150 


14-bit, 150 MSPS, 
IF diversity receiver 


93.50 


AD6655-125 


14-bit, 125 MSPS, 
IF diversity receiver 


77.60 


AD6655-105 


14-bit, 105 MSPS, 
IF diversity receiver 


64.60 


AD6655-80 


14-bit, 80 MSPS, 
IF diversity receiver 


47.50 


AD6653-150 


12-bit, 150 MSPS, 
IF diversity receiver 


57.97 


AD6653-125 


14-bit, 125 MSPS, 
IF diversity receiver 


51.25 


AD8375 


Single-channel, 
digital IF VGA 


4.25 


AD8376 


Dual-channel, 
digital IF VGA 


6.25 



For samples and data sheets, visit www.analog.com/V8ADC 
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New Platform for Precision Converter Evaluation and Development Brings Efficiency to 
Product Selection and Design, Improving Time to Market 

The next generation converter evaluation and development (CED) platform is intended for use in evaluation, demonstration, and 
development of systems using precision converters from ADI. It provides a thorough evaluation of converter performance and 
functionality as well as a development environment for integration of the converter into the end-user system. 

For evaluation, the platform provides all the necessary hardware and software for direct and easy communication between the 
converter and the PC that transmits or receives data over a USB link. This functionality allows the converter to be controlled and 
programmed and enables streaming of data from the converter to the PC display. The software platform also provides a suite of 

From a development viewpoint, the reconfigurable FPGA-based 
architecture of the board allows the FPGA to be reprogrammed 
at any time via the USB connection. This option allows the 
user to develop and run customized code to accomplish a 
design task. Standard Altera® FPGA tools are used, and the 
sample Verilog code is freely available to the customer so no 
software package purchase is necessary. 

ADI provides LabVIEW™ code for standard converter functionality, 
and, for the first time, both ac and dc specifications will be 
available. Sections of this LabVIEW code will be available for 
customization by users. In addition, ADI is generating DSP code 
for the Blackfin® processor and will be making these software 
drivers available soon. Now, design engineers can gather data 
from a converter connected to the Blackfin processor — without 
the worry of configuring the Blackfin parameters to match the 
interface of the converter. 

The CED board provides many interfacing options — SPI, SPORT, parallel, LVDS — that accommodate connection to a wide range of 
precision converter evaluation boards in different form factors. The CED also provides eight separate power supplies for external 
connection. For developments that require a processor as well as an FPGA, the CED board connects directly to a Blackfin processor 
EZ-KIT For more information, visit www.analog.com/EVAL-CED. 

Next Generation Radio Frequency Transceivers Integrate Smart System Features 

The AD9354/AD9355 family of WiMAX transceivers offers complete RF and mixed-signal system on a chip solutions. The 
transceiver integrates two high sensitivity direct-conversion receivers and channel-select filtering at baseband, eliminating the 
need for external SAW filters. The highly linear transmitter offers state-of-the-art EVM and spurious performance. A low phase noise 
LO path is achieved by an integrated fractional-N synthesizer. To enable low system cost, an on-chip crystal oscillator replaces 
the expensive external voltage controlled, temperature-compensated crystal oscillator (VCTCXO) with a simple 40 MHz crystal. 

Additionally, the AD9354/AD9355 transceivers integrate smart system features such as self-calibration, automatic gain control, 
transmit power control, support for automatic frequency control, and auxiliary ADCs and DACs for system monitoring. This integration 
reduces the level of real-time signaling between the modem and the transceiver, dramatically simplifying the RF driver development 
and support. Additionally, the highly accurate closed-loop power control enables one-point factory calibration of transmit power. In 
contrast, competing transceivers require eight to 10 calibration points — increasing final test costs and extending development times. 



Part 
Number 


Frequency 
Range (GHz) 


Type 
(Rx/Tx) 


Bandwidth 
(MHz) 


NF 
(dB) 


TxEVM 
(dB) 


Tx Gain 
Range (dB) 


Digital 
Interface 


Package Size 
LFCSP (mm) 


Price 
($U.S.) 


AD9352 


2.3 to 2.7 


1 X 1 


3.5 < BW < 20 


3.7 


-38 


Oto 58 


ADI/Q 


9X9 


14.95 


AD9353 


3.3 to 3.8 


1 X 1 


3.5 < BW < 20 


3.7 


-38 


Oto 58 


ADI/Q 


9X9 


14.95 


AD9352-5 


4.9 to 5.9 


1 X 1 


3.5 < BW < 20 


5 


-33 


Oto 58 


ADI/Q 


9X9 


14.95 


AD9354 


2.3 to 2.7 


2 X 1 


3.5<BW<10 


3 


-38 


Oto 58 


JESD207 


8X8 


11.45 


AD9355 


3.3 to 3.8 


2 X 1 


3.5<BW<10 


3 


-38 


Oto 58 


JESD207 


8X8 


11.45 



FREE OFFER www.analog.com/V8ADC 
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analysis routines to allow evaluation of converter performance. 



POWER SUPPLY, 
GENERATION. 
MONITORING AND CONTROL 



I ANALOG POwiR] - 



96-WAY 
CONNECTOR 



SPI, SPORT, 
PPI HEADERS 



USB 2.0 
CONNECTION 



TO OPTIONAL 
Blackfin EZ-KIT 



The CED system includes: CED board, USB A to MinlB cable, and a 7V to 15W power supply. 
It is priced at $500. The products that are currently supported are: AD7621 , AD7641 , AD7622, 
AD7643, AD7623, AD7766, AD7767, AD7356, AD7357, AD7262, and AD7264. 



Dual ADCs Deliver High Performance and Simplify AGC Input Function 

In many communications receivers, the incoming signal strength varies widely. Automatic gain control (AGC) is used to maintain a 
fixed input signal level relative to an ADC to ensure that it meets the dynamic range requirements of the system. ADI's new ADC family 
simplifies this function with improved SNR, SFDR, and an integrated signal monitor. 

A high signal-to-noise ratio reduces the gain requirement for the AGC loop because the ADC can resolve smaller signals and operate 
with reduced input levels. The AD9640, a dual 14-bit ADC, delivers excellent SNR of 72.6 dBFS at 150 MSPS. In a similar manner, large 
interfering signals can cause the ADC to generate spurious components or harmonics. ADCs with higher SFDR performance allow the 
system to tolerate larger interferers without having to adjust the AGC. The AD9640 sets the industry benchmark for SFDR performance 
by delivering 84 dBc with a 70 MHz input at 150 MSPS. The AD9640 includes an on-chip signal monitor to measure the power of the 
input signal. This signal monitor block can be programmed via the serial port interface (SRI) to measure the complex power of both 
channels, the rms magnitude or peak level of each channel, and can correct for dc offset. Upper and lower thresholds are set by the 
user, and data can be read back through the SPORT or through four dedicated output pins. 

The AD9640 is available in a 9 mm x 9 mm, 64-lead LFCSP and is optimized for low power with high performance. This new family 
of ADCs from ADI supports IF sampling of frequencies up to 450 MHz, an internal voltage reference, an on-chip clock divider and clock 
duty stabilizer, and flexible output configurations that support CMOS or LVDS interfaces. Recommended complementary ADI products to 
the AD9640 include the ADA4937-2, ADA4938-2, and AD81 38 low distortion differential ADC drivers. 



Three options for easily evaluating 
AD9640 performance: 

1 . Model performance with a sine wave or 
two-tone input signal using ADIs/y77ADC. 
The ADC model and modeling engine 
are available at www.analog.com/ 
adisimadc. 

2. Model performance using a more 
complex waveform using VisualAnalog 
at www.analog.com/visualanalog. 

3. Evaluation boards are available from 
www.analog.com. The AD9640 
evaluation board interfaces with ADI's 
new FPGA-based data capture card, 
HSC-ADC-EVALCZ. 




Technical seminar available 
on demand: "Design Considerations 

for Multichannel ADCs" at 
www. analog, com/onlineseminars. 
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IF Sampling Dual ADCs 



Part 

JJumber 


Resolution 
(Bits) 


Sample Rates 
(IVISPS) 


SNR 
(dBFS) 


SFDR 
(dBc) 


Power 
(mW) 


Price 
($U.S.) 


AD9640 


14 


80,105,125,150 


72.6 


84 


452 to 820 


37.50 


AD9627 


12 


80,105,125,150 


70.2 


84 


452 to 820 


25.05 


AD9627-11 


11 


105,150 


66.7 


84 


600 to 820 


24.65 


AD9600 


10 


105,125,150 


61.6 


81 


600 to 820 


11.26 



For samples and data sheets, visit www.analog.com/V8ADC 
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ADI Enables Motor Control Circuit Designers to Achieve Safer 
and More Efficient Control 

Torque loop current monitoring must be tolerant of high voltages with respect to each phase as well as the controlling 
circuitry. Regulated safety standards from UL, CSA, and VDE require up to 3.75 kV of reinforced isolation. 

The AD7400 and AD7401 isolated S-A ADCs provide the ideal solution for current monitoring in motor control 
applications. The integration of ADI /Coupler® digital isolation technology allows for 3.75 kV isolated high speed 
data rates with low power, which enables a more efficient control solution. Both of the devices, the AD7400 with its 
internal clock and the AD7401 with its external clock, use a 16-lead SOIC package and operate from a 5 V supply. 
The devices accept a ±200 mV signal range — making them suitable for a direct connection to current shunts. Both 
of the devices are housed in a 16-lead SOIC. 




/Coupler digital isolation technology integrates ciiip scale transformer 
technology with an analog front end. 



APPLICATIONS 

' AC motor controls 

' Data acquisition systems 

' ADC + optoisolator replacements 



AD7400 
AD7401 



$4.00 
$4.00 



AD7400 andAD7401 Features 

• AD7400: 10 MHz data rate (internal clock) 

• AD7401: 18 MHz date rate (external clock) 

• Second-order modulator 

• 16 bits and no missing codes 

• ±2 LSBINL typical at 16 bits 

• ±2 LSBINL typical at 16 bits 

• Isolation: 3.75 kV 

• 3.5 fxV/°C maximum offset drift 

• On-board digital isolator 



Technical seminar available on demand: 
"Digital Isolation Tips and Techniques" at 
www. analog, com/onlineseminars. 
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COMPLEX ICS ARE NOT ONLY ABSORBING MORE OF THE SYSTEMS AROUND THEM, BUT ALSO 
SWALLOWING THE TEST EQUIPMENT DESIGNERS USE TO BRING UP, EVALUATE, AND CALIBRATE THE CHIPS. 



AS SOCs GROW, 

TEST-AND-MEASUREMENT 
INSTRUMENTS MOVE ON-CHIP 



BY RON WILSON • EXECUTIVE EDITOR 

t s just geometry. As system-level ICs grow larger and more 
complex, they become impossible to observe and stimulate. 
Internal nodes aren't accessible to bonding pads or even to 
probes. Signal voltages are small, noise thresholds are tiny, 
and drive strengths are negligible. As critical circuits reach 
gigahertz frequencies, it becomes physically impossible to get 
an accurate representation of signals off the die, even if you 
can probe the circuit. 

Yet the need remains. Chip designers must be able to ob- 
serve and stimulate individual blocks in an SOC (system on chip) 
to bring up the silicon. Manufacturing-test engineers must be able 
to create fast test programs on affordable test equipment. Increas- 
ingly, chip designers must also create autocalibration routines 



that can compensate critical circuits for 
process, voltage, temperature, imped- 
ance, and noise variations while the 
chip is in use. The only apparent option 
is to move test-and-measurement instru- 
ments — the racks of logic analyzers, bus 
analyzers, communications testers, and 
oscilloscopes that populate the bring-up 
lab — onto the chip itself- 

And this option is now available- Be- 
ginning perhaps with debugging facilities 
built into CPU cores, extending through 
bus diagnostic blocks and logic built-in 



self-test blocks, on-chip instrumenta- 
tion is today extending into high-speed 
transceivers and RF circuits. In the fu- 
ture, you may see on-chip analog instru- 
mentation for characterization and cali- 
bration routinely becoming part of ana- 
log design (see sidebar "MEMS acceler- 
ometers need instrumentation, too")- 

BEGINNING IN THE CPU 

The idea of building debugging hard- 
ware into a CPU dates back at least to 
the IBM 360 architecture. But the race 



to fit more complex CPU cores into less 
die area meant the concept became lost 
in the early days of SOC design. It resur- 
faced because of necessity. 

"As processor complexity and frequen- 
cy increased, it became just too difficult 
to control the core through external cir- 
cuitry," says William Orme, general man- 
ager of the Corelnsight debugging pro- 
gram at ARM. "Designers resisted add- 
ing to the core area for debug, but it be- 
came a trade-off of die area versus pain. 
Eventually, in-core debug became cost- 
effective in the overall cost of the SOC. 
Then, it simply became obligatory." 

During that evolution, the basic tech- 
niques have not changed. Designers still 
need to put the CPU core in a known 
state, start it running, observe and re- 
cord the resulting sequence of states, 
and stop the core again when something 
interesting happens. Hardware inte- 
grated into the core can accomplish all 
these things with essentially no impact 
on performance or energy consumption 
during normal operation. 

But as SOCs evolved, the CPU core 
ceased to be the only problem. The 
growing web of buses — wide, fast, seg- 
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mented, and multilayer — that spread 
out from the CPU also became unob- 
servable. So, ARM and other vendors of 
interconnect IP (intellectual property) 
built debugging circuitry into the inter- 
connect architecture, just as they had 
built it into the CPU. 

"In an AHB [advanced-high-speed- 
bus] multilevel interconnect, designers 
need to monitor what is going on at any 
level of the interconnect: the source, 
destination, and content of every trans- 
action," Orme says- "That [process] re- 
quires monitoring from inside the die." 

The situation grows even more com- 
plex as SOCs evolve from a single CPU 
core at the center of a bus network to 
multicore designs in which numerous 
processing sites are active at once. Now, 
an event may be not simply the state of 
a core or a bus but a complicated merg- 



AT A GLANCE 

□ Chip designers are starting 
to design test-and-measurement 
instruments into their complex ICs. 



□ The movement toward designing 
instruments into ICs started 
with digital debugging hardware 
for CPU cores and buses. 



□ Now, designers are also build- 
ing analysis instruments into high- 
speed-l/O blocks. 



□ Designers are integrating more 
complex analog and RF instruments 
into the inner workings of high- 
frequency chips, such as read- 
channel ICs. 



ing of state sequences from a number of 
processors and interconnect structures 
in different clock and voltage domains- 
Just being able to start and stop such a 



system and to capture some idea of its 
actual state becomes a challenging prob- 
lem, Orme admits- 

The growing complexity may be shift- 
ing the emphasis in on-chip-debugging 
circuitry away from the CPU core and 
toward a more system-level approach. 
ARM, for instance, offers a cross- trig- 
gering switch matrix that attempts to 
bring together state signals from differ- 
ent blocks in the SOC. And processor- 
independent debugging-hardware com- 
panies, such as Dafca, are also emerging. 

"Design teams have been trying to 
create a comprehensive debug strategy 
by combining CPU-debug facilities with 
their own in-house-designed on-chip in- 
strumentation," says Paul Bradley, Daf- 
ca's vice president of engineering. "But 
as the complexity of the SOC grows, 
voltage and clock domains proliferate. 




r 



with their accuracy, low power, and low cost, are revolu- 
tionizing a number of applications. Fuses for automotive 
air bags, attitude and motion sensors for computer-input 
devices, and sensors for automotive attitude-control sys- 
tems are some large-volume examples. 

The acceleration-sensing elements are often differen- 
tial capacitors in which silicon springs suspend one plate 
of the capacitor above the other two. Acceleration causes 
the suspended plate to shift, changing the relative capaci- 
tance of the two capacitors and, hence, the relative ampli- 
tude of signals passing through them. Properly designed 
and fabricated examples of such structures are sensi- 
tive, accurate, and durable. But they require calibration. 
Changes in applied voltage and ambient temperature can 
change the sensitivity of the device, and each sensor has 
an offset reading at Og that the user must measure. 

In high-volume applications, that requirement is not a 
problem, according to Bob Scannell, business-develop- 
ment manager at Analog Devices. If you use hundreds 
of thousands or millions of sensors, it's no great cost to 
set up a calibration tool that connects to the sensors and 
spins them at known rates in a temperature chamber. 
But, in lower volume applications in the industrial world, 
it makes great sense to have on-chip instrumentation to 
calibrate the devices ahead of time (Figure A). "Precali- 
bration removes barriers to use," Scannell says. 

By embedding a temperature sensor and a microcon- 
troller in the MEMS device, for instance, the vendor can 
preload temperature-compensation tables and have the 
chip remove temperature-based variations on the fly. 
Similarly, firmware can take the chip through an auto- 
zeroing procedure to establish a reference horizontal 



ture, and compare the output with a known reference for 
a quick pass/fail-operation test. 

In examples such as these, on-chip instrumentation is 
worth the silicon investment not because there is no oth- 
er way to make the measurements or even to reduce ex- 
orbitant test cost, but simply to make the device easier to 
use, opening new markets. 



Figure A MEMS accelerometers, such as Analog Devices' 
ADxl202, require significant on-chip instrumentation for bring- 
up, test, and in-circuit calibration. 
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Explore the New Motor Control Solutions from Microchip 

Are you considering moving to brushless motors, eliminating costly sensors or adding PFC? Let Microchip show 
you how to improve your efficiency, lower noise, reduce your form factor and explore cost reduction options. Visit 
www.microchip.com/DSCIVIOTOR and discover Microchip's comprehensive motor control solutions, which feature 16- 
bit digital signal controllers, free software, development tool discounts, technical training and more! 
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to... 


IVIicrochip Has the Solution! 


Energy Savings 


Add Power Factor Correction 


PWM with 2 Time Bases 


Incorporate Field-Oriented Control 
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Noise Reduction 


Incorporate Sinusoidal Control 


Free Software 




Remove Expensive Sensors 


Free Software, 4 S&H ADC 




Integrate PFC and Motor Controller 


PWM with 2 Time Bases 


Cost Reduction 


Integrate Controller on Motor 


6x6 mm Small Packages 




Easily Migrate to Other DSCs in Portfolio 


Optimized Feature Set 




Remove Crystal 


1% Internal Oscillator 


Better Torque Control 


Incorporate Field Oriented Control 


Free Software 


Better Loop Response 


Multiple S&H ADC 


Improve Reliability 


Migrate from Brushed to Brushless Motors 


Free Software 




Noise Profile Diagnostics 


DSP Resource On-chip 



Purchase Microchip's motor control 
development solutions at... 

microchip 



www.microchipdirect.com 



Microchip 

www.microchip.com/DSCIVIOTOR 
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Figure 1 On-chip instruments permit a variety of test-and-measurement procedures in this Rambus serial-link architecture. 



and reuse gets more important, design- 
ers need a comprehensive approach, not 
a collection of ad hoc designs." 

Dafca Chief Executive Officer Peter 
Levin adds another dimension to the 
concern: "As this complexity grows, so 
does the complexity of the debug soft- 
ware you need to control the hardware 
and make sense of the data- Today, the 
debug' software effort is at least 10 times 
greater than the effort to design and in- 
tegrate the debug hardware." Again, 
reuse is vital, and licensing the whole 
thing from a specialist looks more and 
more reasonable. 

Dafca's architecture gives an idea of 
how complex fulLchip debugging sup- 
port has become. Dafca works with, rath- 
er than replaces, the debugging hardware 
in the design's CPU or DSP cores. But 
it adds "analysis instruments" — elabo- 
rate but compact reprogrammable state 
machines that can stimulate a block by 
pre-empting the block's inputs for some 
number of cycles, monitor outputs of a 
block, and report exceptions into a glob- 
al network. 

"Deployment of the instruments is 
very application-specific," Bradley says. 
"Usually, a design team will use two to 
six analysis instruments on a chip, often 
associating one with each major design 
domain. In this way, they can observe 
key interfaces and control points — usu- 
ally at the second level in the design hi- 
erarchy." Pulling together the informa- 
tion from the instruments and the pro- 
cessor cores into a cohesive picture of 
the operating chip and providing a lev- 
el of abstraction at which designers can 
define and impose a chipwide state are 
critical needs in any such architecture. 



That requirement may explain the huge 
software component of the design. 

Digital on-chip instrumentation, 
then, has evolved from fairly simple 
debugging cores within CPU cores to 
much more sophisticated hardware/soft- 
ware systems that designers base on dis- 
tributed state machines and a triggering- 
and-control network on the chip. As 
SOCs become still more complex, the 
next step seems to be full logic-analysis 
capability on the die, with programma- 
ble triggers, large trace and vector buf- 
fers, and an ability to probe nodes with- 
in the chip. 

THE ANALOG DOMAIN 

Analogous to the trend in on-chip 
digital instrumentation, there is grow- 
ing interest in generating and measuring 



analog signals with on-chip instruments. 
And if it's fair to trace the origins of digi- 
tal instrumentation to CPU cores, the 
analog instruments are starting out in the 
cores of high-speed serial interfaces. But 
the techniques are branching out in the 
analog domain, as well, incorporating 
sensor-based measuring systems for auto- 
calibration, mixed-signal servo systems, 
and instruments for validation and test. 

As in the digital world, the driving 
force behind on-chip instrumentation of 
high-speed I/O is the growing invisibil- 
ity of key signals. "The mere existence 
of an external probe alters a high-speed 
link," says Rich Perego, senior principal 
engineer at Rambus. "Yet, there is value 
in being able to look at a waveform." 

"Often, you can probe the transmitter 
directly," adds Ken Chang, design-engi- 




Figure 2 Vitesse has recently taken receiver instrumentation a step further, devising an 
interesting two-channel approach. 
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Figure 3 A simple comparator-based loop can remove drift from the voltage source that 
determines a filter cutoff frequency (courtesy STMicroelectronics). 



neering manager at Rambus- "But you 
can't just probe the receiver. You have 
to look at the receiver indirectly by ex- 
tracting data on-chip and inferring eye 
diagrams or bathtub diagrams." 

This approach has become increas- 
ingly important in high-speed receiv- 
ers, in which it is otherwise impossible 
to see what is going on inside the block. 
You can't see from the outside what the 
signal looks like just before or just after 
equalization, according to Eric Sweet- 
man, senior applications engineer at Vi- 
tesse. You have to make those observa- 
tions from inside the receiver. 

Rambus approaches this problem by 
using the receiver as, in effect, its own 
measuring instrument. The process 
starts with integrating programmable 
pseudorandom-pattern generators and 
bit-stream comparators into the I/O 
blocks. Designers can then add enough 
circuitry to digitally adjust the trans- 
mitter and receiver (Figure 1). In the 
case of the transmitter, for instance, this 
method means putting digital inputs and 
DACs on controls for the current swing 
and phase and being able to modify the 
equalization-tap coefficients. "That [ap- 
proach] allows us to create shmoo plots 
of transmitter performance by sweeping 
timing and voltage," Perego explains. 

In the case of a receiver, it might 
mean adjusting the receiving amplifier's 
phase and gain. That process allows de- 
signers to extract timing margins, for in- 
stance, by sweeping phase and watching 
the bit-error-rate accumulator on the 
output of the bit-stream compare block. 

The art of such instrumentation is to 
do as much as possible in the digital do- 
main. You can digitally control receiver 
phase by manipulating the digital-feed- 
back path in a delay- locked loop, for in- 
stance. Or you can adjust gain by pro- 
viding a digital value to a small DAC, 
which in turn adds an offset to a critical 
node. These insertions into the circuitry 
are not trivial, particularly in the case of 
analog nodes, in which any change has 
the potential to break a circuit. But they 
are achievable. 

Vitesse has recently taken receiver in- 
strumentation a step further, devising 
an interesting two-channel approach 
(Figure 2). This idea sets one chan- 
nel — usually the receiver's primary data 
channel — at the center of the eye. De- 
signers can then sweep a second, essen- 
tially identical channel across the space 



of phase and amplitude points by altering 
the receiver's phase and gain, stopping at 
each point, accumulating enough data 
to accurately estimate the bit-error rate, 
and moving on. The result after software 
postprocessing is either an eye diagram or 
a bathtub plot of data that the receiver 
itself collects. Because the second path is 
physically identical to the read path that 
is taking the measurements, the data are 
more accurate than a probe and scope 
could ever achieve, Sweetman says. The 

THE ART OF SUCH 
INSTRUMENTATION 
IS TO DO AS MUCH 
AS POSSIBLE IN THE 
DIGITAL DOMAIN. 

designer can see the exact signal that's 
going into the receiver's sampler from the 
equalizer, not a distorted approximation. 

High-speed I/O is not the only ap- 
plication for such ideas, however. ST- 
Microelectronics, for example, puts 
considerable instrumentation into its 
high-end disk-read-channel ICs. Again, 
the emphasis is on using the circuit- 
ry as much as possible to perform mea- 
surements under external control. But, 
in this case, the added circuitry can be 
complex. 

Angelo Dati, architecture manag- 
er for the data-storage division at ST- 
Microelectronics, says that the internal 



instruments within a read-channel chip 
assist with initial troubleshooting and 
calibration of the chip; help characterize 
the complete media/electronics system 
once the chip is installed; and provide 
continuous compensation for voltage, 
temperature, head-height, and other 
variables during operation. 

Accordingly, the read channel has a 
variety of measuring instruments. Sim- 
ple sensors for temperature and voltage, 
for instance, run to comparators and lin- 
ear filters, which the controlling proces- 
sor can interrogate to determine wheth- 
er to launch a calibration procedure on 
a local finite-state machine. The state 
machine runs a closed-loop calibration 
procedure in which it can alter voltage 
offsets, gains, and bias points to correct 
problems, such as the tendency for the 
channel's lowpass-filter-cutoff point to 
drift with temperature. 

More sophisticated measurements not 
only compensate for variations during 
operation, but also help designers and 
production engineers tune the chip to 
a particular head/media combination. 
One of these measurements sees use in 
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[±] For more on on-chip-debugging 
iiardware, go to www.edn.com/articie/ 
CA6451246. 

[+] Gotowww.edn.com/080221df 
and ciicl( on Feedbacl( Loop to post 
a comment on ttiis articie. 
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Intersil USB Switches 




Intersil's tiny USB Switch enables 
charging, audio, video, and 
hiigli speed data thirougli a 
single connector. 
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Combined data, audio, 
and video switch 
eliminates either the 
USB or TV OUT 
connector on cameras 
or media players. 
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HIGH PERFORMANCE ANALOG 



an adaptive-loop system based on pat- 
tern matching, Dati says- Instrumental 
tion within the chip generates an analog 
waveform that the system feeds into the 
read circuitry and compares with the in- 
coming signal from the read head, giving 
a frequency ' error signal- This signal pro- 
vides feedback for adapting to the noise 
and nonlinearity characteristics of the 
head/media combination- The process is 
closed'loop- But, Dati says, "There is no 



proof of convergence- We have to seed 
the adaptive loop with a good starting 
value for it to work-" 

Still another analysis is useful in sili- 
con bring-up and in manufacturing for 
performing harmonic analysis on the 
drive assembly- The chip actually con- 
tains what Dati describes as "a coarse 
spectrum analyzer — like an FFT engine 
but simplified to look for some specific 
frequencies, so it is simpler than a gen- 
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prototyping machine at your side, you'll arrive at the 
best solutions, fast. These highly accurate benchtop 
PCB milling machines eliminate bread-boarding and 
allow you to create real, repeatable test circuits — 
including plated vias — in minutes, not days. 

• Declare your independence from board houses 

• Affordable, entry-level price tag 

• The best milling speed, resolution, and accuracy 
in the industry 

• Single-sided, double-sided, and multilayered 
machining without hazardous chemicals 

• Optional vacuum table and autosearch camera 
for layer alignment 




Laser & Electronics 



For complete details visit: 

www.lpkfusa.com 

or call: 

1 -800-345-LPKF 




Rambus 

www.rambus.com 

STM icroelectron ics 

www.st.com 

Vitesse 

www.vitesse.com 



Analog Devices 

www.analog.com 

ARM 

www.arm.com 
Dafca 

www.dafca.com 

IBM Corp 

www.ibm.com 

eral'purpose spectrum analyzer." The 
instrument's harmonic analysis has a 
number of valuable purposes. By looking 
for specific frequencies that shouldn't 
be there, for instance, you can detect 
and measure nonlinearity in the head/ 
media subsystem. And, by looking at 
the frequency envelope, you can esti- 
mate the magnetic spacing — the height 
of the head above the media. "With to- 
day's drives, you have to do that," Dati 
explains, "because if you don't measure 
and adjust the head height, ordinary dif- 
ferences in atmospheric pressure could 
cause a head crash." 

A spectrum analyzer might seem like a 
large instrument to tuck inconspicuously 
into a highly cost-sensitive chip. But in 
reality, "receivers are getting so big that 
it's easy to hide some instrumentation 
circuitry in the design," Dati says. 

That observation may be a good in- 
troduction to the future of on-chip in- 
strumentation. As chips get more com- 
plex, there will be not only greater need 
for instruments on the die, but also more 
opportunities to exploit the functional 
circuitry to quickly move analog meas- 
urements into the digital domain. And 
there will be more space in which to 
stash even a fairly complex block, such 
as a modified FFT engine. 

The next step is probably to follow 
what has been happening on the digital 
side: Pull together analog measurements 
from both the time and the frequency 
domains from different portions of the 
chip to provide a picture of the full state 
of the mixed-signal system. Only with 
such on-chip tools may it prove possible 
to debug the next generation of com- 
plex chips and to keep the generation 
after that running at all.EDN 
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FAST-FORWARD THE LEARNING CURVE. 

Maximize your team's existing expertise. Familiar yet powerful tools — like 
Microsoft® Visual Studio® and the .NET programming model — allow your team to 
focus project hours on building the next generation of smart, connected devices. 
Plus, componentized and fully configured platforms in Windows® Embedded can 
help save more unnecessary effort — so more time can be spent differentiating your 
final product, or simply bringing it to market faster. Learn more about how to 
fast-forward device development at: windowsembedded.com/fastforward 
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POWER-EFFICIENCY 

REGUL 



BOTH VOLUNTARY AND 
MANDATORY POWER- 
REGULATION STAN- 
DARDS HAVE FORCED 
MANUFACTURERS TO 
MEET MINIMUM POWER- 
EFFICIENCY STAN- 
DARDS OR RISK LOSING 
CUSTOMERS— AND, 
SOMETIMES, MARKETS. 
NEW VERSIONS OF 
STANDARDS AND NEW 
MANDATORY FEDERAL 
REGULATIONS CALL FOR 
HIGHER EFFICIENCIES. 
THESE REGULATIONS 
MAKE MORE SOPHIS- 
TICATED CONVERTER 
TOPOLOGIES REASON- 
ABLE APPROACHES- 
EVEN FOR THE LOWLY 
WALL WART. 
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STAR 

A JOINf EFFORT 
BY THE US 
ENVIRONMENTAL 
PROTECTION 
AQENCYANDTHE 
US DEPARTMENT 
OF ENERQY, 
PROVIDES 
A VOLUNTARY- 
COMPLIANCE 
PROQRAM 
TO IDENTIFY 
AND PROMOTE 
ENERQY 
EFFICIENT 
PRODUCTS 
TO REDUCE 
QREENHOUSE- 
QAS EMISSIONS, 



AT A GLANCE 

■ The Energy Independence and 
Security Act of 2007 establishes 
mandatory efficiency levels for exter- 
nal power supplies. These directives 
supersede any mandatory regula- 
tions at the state level. 

■ Manufacturers could comply with 
the voluntary first version of Energy 
Star by using more efficient compo- 
nents. The second round will require 
more efficient and more complex 
power-supply designs. 

■ Energy Star's second version 
appears to be setting an interna- 
tional de facto standard. 
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ENERQY 



Until recently, external power supplies for con- 
sumer devices such as cordless phones and 
laptop computers were notorious power hogs. 
Consumers generally considered any adapter, 
or "wall wart," that provided enough power at 
the correct voltage and current for the cheap- 
est price was good enough. With efficiency lev- 
els as low as 40 to 50%, these adapters wasted 
power as low as IW each — too low to get an 
individual consumer's attention. However, multiply these adapters 
by the millions that exist in the United States alone, and youVe 
wasted enough power to require extra power stations. The Energy 
Star program, which has since 1992 been offering voluntary-com- 
pliance standards for household appliances, has now created a simi- 
lar specification for EPS (external-power-supply) products. 



Energy Star, a joint effort by the US 
Environmental Protection Agency and 
the US Department of Energy, provides a 
voluntary-compliance program to identi- 
fy and promote energy- efficient products 
to reduce greenhouse-gas emissions (Fig- 
ure 1). The first Energy Star specifica- 
tion covered relatively large appliances, 
such as computer monitors and refrig- 
erators- In 2005, Energy Star proposed 
a version for EPS devices (Reference 
!)♦ According to Andrew Smith, prod- 
uct-marketing manager for Power Inte- 
grations, Energy Star has become such 
a powerful brand that companies follow 
it as if it were mandatory. In addition, it 
serves as the basic specification for other 
countries' and states' regulations. 

The success of any of Energy Star's 
voluntary programs relies on consum- 
ers' desires to choose an environmen- 
tally responsible electronic device and 
to save on energy bills, which may off- 
set any increase in the electronic equip- 
ment's price. The CEC (California Ener- 
gy Commission), taking a less sanguine 
view of consumers' eagerness to embrace 
environmental responsibility, made man- 
datory what were essentially Energy 
Star's voluntary regulations for electronic 
equipment sold in California. The CEC 
mandatory regulation went into effect 
on July 1, 2007. After some equipment 
manufacturers' initial whining, compli- 
ance began and effectively set the stan- 
dard for all equipment sold in the United 
States; California accounts for approxi- 
mately 10% of the national economy. 

However, power-supply manufactur- 



ers have expressed concern that other 
states could follow California's lead, cre- 
ating a mare's nest of conflicting regu- 
lations. With the passage last December 
of the Energy Independence and Secu- 
rity Act of 2007, the US government 
has established a minimum level of ef- 
ficiency for EPS devices corresponding 
to the levels that the CEC set. The new 
act supersedes any mandatory state regu- 
lations (Table 1). The effective date is 
the same as that for CEC's new, more 
stringent regulations: July 2008. 

The federal levels are just the mini- 
mum compliance levels that EPS devic- 
es need to meet for government, corpo- 
rate, and individual buyers. Energy Star 
is still important, even as the US govern- 
ment begins mandating efficiency levels 
because the organization keeps up with 
improvements in technology that en- 
able cost-effective increases in efficien- 
cy. Energy Star 1.1 for external adapters 
is not onerous in its efficiency standards. 
For example, a 36W ac/dc adapter must 
meet 80% minimum average efficiency 
in active mode. Its maximum no-load 
power draw is 0.75W (Table 2). How- 
ever, Energy Star has published a draft 
of EPS Version 2.0 with tighter regula- 
tions (Reference 2). That 36 W power 
supply must now meet an average min- 
imum of 87% in active mode, which is 
a decrease in dissipated power of one- 
third; the standby power drops to 0.5W 
or less. Energy Star's pragmatic approach 
to moving the electronics sector toward 
efficiency was targeting the "low-hang- 
ing fruit" in the initial version: selecting 



more efficient components and 
relatively simple fixed-frequen- 
cy switching topologies, using 
more copper in the transform- 
er, and paying a premium for 
low'On-resistance MOSFET 
switches. Energy Star then in 
subsequent versions moved the 
industry toward designing in- 
creasingly efficient and com- 
plex power supplies- 

The authors of the Energy 
Star 2.0 draft composed it af- 
ter reviewing the EPS test da- 
ta from a worldwide test da- 
tabase of 1800 EPS devices. 
The agency is reviewing comments from 
stake-holder companies; the revised 
Version 2.0 will go into effect in the sec- 
ond half of this year. Version 2 is nota- 
bly more stringent than Version 1.1. For 
example, Version 1.1 lumped togeth- 
er ac/ac and ac/dc converters, dividing 
them only by "nameplate power" — the 
maximum power listed on the devices' 
enclosures. Version 2.0 separates them 
in all specifications, however. In addi- 
tion. Version 2.0 stipulates an increase 
in minimum-active-mode-energy-effi' 
ciency requirements, a decrease in max- 
imum-no'load'power limits, and the re- 
quirement for PFC (power-factor cor- 



TABLE 1 THE ENERGY INDEPENDENCE AND 
SECURITY ACT OF 2007 MANDATES 


Active mode 


Nameplate-output 
power (P^q) 


Required efficiency 

(decimal equivalent of percentage) 


<1W ^^^1 




1 to51\^^^^ 


^^^^p.og)in(pj]+o^^^B 


>51W ^^^|| 


BBBBp ^^^B 


No-load mode 


Nameplate-output 
power (P^q) 


Maximum consumption 


<250W 


VHP 0.5W HHII^H 



rection) in power supplies with a name- 
plate-power output of 75W or more (Ta- 
ble 3). 

Version 2.0 requires as much as 87% 
average active-mode efficiency, up from 
80% in Version LL The increase of 7% 
for a 36W power supply may not sound 
like much, but when you compare it 
with the formerly allowable loss of 20%, 
that 7% amounts to reducing the loss 
by a third — a significant amount. Bob 
Mammano, chief power technologist 
and fellow at Texas Instruments, points 
to this difference as indicative of the 
jump in sophistication that Version 2.0- 
compatible designs require. "As the spec 



gets tighter, you don't reach it 
just by improving what you've 
been doing; you've got to actu- 
ally do things differently — like 
change the topology to minimize 
switching losses by going to res- 
onant switching and multistate 
operation — not just let it run 
at the high switching frequen- 
cy that's best for full load when 
it's in standby." TPs UCC28600 
PWM (pulse-width-modulat- 
ed) controller is one of the first 
that the company designates as 
"green," incorporating frequen- 
cy foldback and green-mode op- 
eration to reduce the operation frequen- 
cy at light- and no-load operations. The 
chip costs 65 cents (100). 

Vipin Bothra, application manager 
for STMicroelectronics, agrees that the 
most cost-effective way to increase EPS 
efficiency over a wide range of loads 
and conditions is to look toward a more 
complex controller IC. The company's 
L6668 controller works in three modes 
by sensing and responding to the out- 
put load. For example, you could set one 
mode to have to 1 W output power, the 
second mode to have 1 to 30W, and the 
third to have 30W to full power. The 
L6668 costs 68 cents (10,000). 



ENERGY STAR: ACCEPTABLE TO ALL? 



in the electronics industry 
worried that all the US and 
international regulations 
on "green" power would 
result in expensive head- 
aches for companies trying 
to sell into a global mar- 
ket. However, countries are 
aligning themselves behind 
Energy Star's programs, es- 
pecially for EPS (external- 
power-supply) and battery- 
charger devices, providing 
a reason for cautious opti- 
mism. If an adapter meets 
Energy Star regulations, 
especially the proposed 
Version 2.0, that adapter 
will likely also meet inter- 
national regulations. How- 
ever, these regulations are 
in a state of flux for many 



which is that a country's 
"greenness" is a politically 
charged topic. You should 
be aware of these interna- 
tional organizations and 
monitor their new regula- 
tions. 

Among those providing 
information on these top- 
ics. Power Integrations of- 
fers perhaps the best on- 
line aggregation of pow- 
er-efficiency regulations 
(www.powerint.com/green- 
room). A group of German 
government agencies and 
businesses operates an- 
other voluntary-labeling 
plan. Blue Angel (www. 
blauer-engel.de). The CEC 
(California Energy Com- 
mission) mandates that 



inics equipment sold 
within California must meet 
its specifications, but its 
requirements are currently 
within Energy Star guide- 
lines. However, this month, 
the CEC's Efficiency Com- 
mittee conducted a work- 
shop to seek comments 
from interested parties "re- 
garding the scope of the 
next rulemaking to amend 
the Appliance Efficiency 
Regulations," including bat- 
tery chargers, so follow the 
committee decisions for fu- 
ture specifications. 

The CECP (China Energy 
Conservation Project, www. 
cecp.org.cn/englishhtml/ 
index.asp) seeks volun- 
tary compliance, and the 
European Code of Conduct 



(http://re.jrc.ec.europa.eu/ 
energyefficiency/html/ 
standby_initiative.htm) 
seeks voluntary compliance 
in the European Union. The 
Japanese Ministry of Econ- 
omy, Trade and Industry 
(www.meti.go.jp/english) 
organized the Top Runner 
(www.eccj.or.jp/top_run- 
ner/index.html) voluntary 
label, which covers standby 
requirements for comput- 
ers, copiers, TVs, and VCRs. 
The US Executive Order 
13221 "1 -Watt Standby" 
Order (http://oahu.lbl.gov) 
is a mandatory regulation 
for electronic products that 
federal agencies purchase 
as specified by the FEMP 
(Federal Energy Manage- 
ment Program). 
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TABLE 2 ENERGY STAR 1.1 CRITERIA 



Oto <10W 



The search for higher effi- 
ciency eventually reaches the 
point of diminishing returns. 
For example, Power Integra- 
tions' Mr Green blog relates 
the discussion of an Energy 
Star DTA (digital- tele vision- 
adapter) meeting in 2006- A 
participant at the meeting 
presented a low-cost DTA 
design that included a circuit 
for a low-parts-count, cost-ef- 
fective, energy-efficient, 5W 
ac/dc external adapter (Reference 3)- 
The proposed adapter had an active-on- 
mode efficiency of 74%, outperforming 
the 63% minimum that Energy Star, the 
CEC, the European Union, Korea, and 
others then required (see sidebar "En- 
ergy Star: acceptable to all?")- This 74% 
was a major energy-efficiency improve- 
ment over the typical 50% linear-power- 
supply efficiency in active mode, and the 
adapter's BOM (bill-of- materials) cost 
was just a few cents more than the linear- 
transformer product- Pay-back time from 
energy savings for the consumer was just 
a few months. Improving the no-load ef- 
ficiency by more than half — from 100 to 
40 mW — was essentially free. However, 



Nameplate-output power (P, 

Oto 1W 




>49W 



Nameplate-output power (P^^) 



Energy efficiency for active mode 

Minimum average efficiency in active mode 

>0.49XP,^ 
[0.09xln(Pj+0.4] 
>0.84 




Energy consumption for no-load mode 

Maximum power in no load 

0.5W or less 
75W or li 





going to the proposed 2.0 Energy Star 
level requires a more sophisticated con- 
troller IC; fortunately, these IC prices are 
dropping, making the higher efficiency 
attainable at a still-reasonable price. 

Energy Star EPS 2.0's first inclusion 
of PEC specifies it for only those power 
supplies with a nameplate power of 75W 
or greater. A traditional power supply 
with a diode rectifier feeding a capacitor 
draws current only when the voltage at 
the load exceeds the voltage at the bulk 
capacitor. Because the rectifier is nonlin- 
ear, the input current is nonlinear, with 
energy appearing in high-order harmon- 
ics. The power supply takes this energy 
from the ac mains, even though it de- 



HOW MUCH DOES ENERGY STAR SAVE? 



livers only a fraction of it to the load — 
hence the term "power factor," which is 
the ratio of usable energy at the load to 
the energy that the power company pro- 
vides. PEC circuitry is usually in the form 
of an active boost or buck converter. 

Energy Star's requirement for PEC 
adds significant cost to many adapters 
because it mandates that manufacturers 
meet a new stipulation. Eor example, TPs 
28060 PEC IC, which you can use with 
the 28600 converter, costs $1.75 (100). 
The intent of the Energy Star regulation 
is to prevent an inefficiency beyond just 
the power supply itself. The stated pur- 
pose of Energy Star is not just to increase 
the efficiency of each product, but al- 
so to reduce greenhouse-gas emissions. 
The better an application's PEC, the less 
power it loses in the power- transmission 
network and the lower the amount of 
greenhouse gases it emits. 

The fact that the proposed Energy Star 
2.0 doesn't cover PEC at power levels be- 
low 75W might lead you to believe that 
PEC is too unimportant to worry about at 
lower levels, but this assumption is wrong: 





Figure 1 Although the Energy Star label 
on major appliances has a flashy Energy 
Star-compliance logo, the label on 
external power supplies is much smaller. 
Space constraints generally limit the des- 
ignation to either III or IV, with III being the 
current spec, and IV indicating the tighter 
Version 2.0 proposed for 2008. 



Demand for electricity in the United 
States is growing at twice the pace 
of new power-generation capabil- 
ity, a trend that could lead to supply 
problems in a couple of years (Refer- 
ence A). Before deregulation in the 
1990s, the federal government could 
simply have ordered utilities to build 
more power plants. Now, a strong re- 
liance exists on market incentives to 
reduce consumer demand for energy. 
The US DOE (Department of Energy) 
and Environmental Protection Agen- 
cy's Energy Star program comes in 
at this point. Much of the nation re- 
lies on market incentives, such as the 
ever- increasing price of energy from 
the grid, to encourage building re- 
sources or to prompt customers into 
reducing energy use. Energy Star al- 
lows products that meet its efficiency 
specifications to label themselves 
as such, appealing to cost-conscious 
consumers. In 2006 alone, according 
to the program's 2007 status report. 



the use of Energy Star-labeled equip- 
ment and appliances saved more 
than 1194 trillion BTU of energy and 
prevented carbon emissions of 21.1 
million metric tons (Reference B). 
And the same report states that En- 
ergy Star labeling in external power 
supplies saved 2 trillion BTU, or $17 
million. 
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Pin-Programmable 
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DS25CP104 Features 

• 3.125 Gbps max data rate 

• 10 pstyp jitter 

• Ice 37 mA per channel (typ) 

• 6 dB pin-programmable equalization compensates for 
lossy cables, backplanes 

• 6 dB pin-programmable pre-emphasis for improved 
cable driving 
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Product ID 


Function 


Max 
Data rate 


Features 


PowerWise® 


DS10CP154 


4x4 


1.5 Gbps 


8KV ESD, SMBus 


✓ 


DS25CP152 


2x2 


3.125 Gbps 


Pre-emphasis, 

8KV ESD, Equalization 


✓ 


DS25CP104 


4x4 


3.125 Gbps 


Pre-emphasis, 

SM Bus, Equalization 


✓ 



Applications 

Ideal for use in communication switches, routers, and muxes, also in video routers and switches, and automated test equipment 



For LVDS Crosspoint Switches samples, datasheets, and app notes, visit: NtttiOTlfll 

iriHi'iirini'iiiMH!^ fW ^pmirnnrJurtnr 

Or call: 1-800-272-9959 1/^ ^emtCOfiaUCWr 
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• STANDARD: 5 to 300 vdc 
regulated, ISOLATED 
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module, 2.5" x 4.6" x 0.8" Vacuum 
encapsulated for use in rugged 
environments 

• Lower cost for your Industrial 
applications 

• Maximize your design up to 
300 watt models 

• Meets Harmonic Distortion 
specifications 

• .99 Power factor rating at 
operational levels 

• Expanded operating temperatures 
available -40 & -550, +85 & 1000 
base plate 

• Oustom models available 



Send Direct 
for free PICO Catalog 
E-Mail: info @picoelectronics. com 

PICO ElectronicSj Inc. 

143 Sparks Ave, Pelham, NY 10803-1837 
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TABLE 3 PROPOSED ENERGY STAR VERSION 2.0 EFFICIENCY SPECS 


Active mode 


Nameplate-output power (P^^) 


Minimum average efficiency in active mode 
(expressed as a decimal) 


oto iv^^^^^^^^m[|| 








^^^^^^^^ 




No-load mode ^^^^^^^^H 


Nameplate-output power (P^^) 


Maximum power in no load 




AC/AC EPS 


AC/DC EPS 


to <50W ^^^^^^^^^ 


0.5W or less 


O.SWorless 


to 250W^^^^^^^^| 


^^^Bo.5W or less^^^^ 


0.5W or less 



Power systems for lighting applications 
have for several years included PFC- EPS 
designers and vendors tend to consist of 
a fragmented group going after a fierce- 
ly competitive low-end market in which 
pennies make a significant difference in 
the profit margin. In addition, the end 
user is usually a consumer purchasing just 
one power supply; in this case, a small dif- 
ference in efficiency makes no noticeable 
difference in the user's power bill In the 
lighting industry, however, just five or six 
major players dominate, and the end ap- 
plication is often a significant installation 
in which even a few percentage points of 
increased power efficiency can result in 
noticeable energy-bill savings (see side^ 
bar "How much does Energy Star save?"). 
STMicroelectronics' Bothra says that 
most of the company's PFC-control chips 
find use in lighting applications because 
PEC can make a difference at power lev- 
els of as low as 16W. 

Energy Star has finalized its specifica- 
tion for solid-state lighting, with a pos- 
sible implementation date of October 
2008 (Reference 4)- Although the re- 
quirement for PEC has caused some con- 
cern within the power- adapter industry, 
little discussion has occurred about the 
need for PEC in the lighting industry, 
even for much lower power levels. In 
lighting, unlike power supplies, the in- 
dustry leads the regulatory industry in 
energy-efficient adoption.EDN 
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today at www .J ameco.com ? 
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VMM application 
packages: the next 
level of productivity 

A STANDARDIZED VERIFICATION METHODOLOGY 
INCREASES OUTPUT WITHOUT SACRIFICING 
DESIGN QUALITY. 



The history of the EDA industry shows a clear, re- 
petitive pattern. Designers develop new proprie- 
tary technologies, leveraging de facto and sanc- 
tioned industry standards; leading-edge users 
identify the most effective of these new technolo- 
gies; and the industry turns the knowledge that 
users gain into the next set of de facto or sanctioned standards, 
allowing the creation of a set of newer technologies. 

From the first netlist languages to Verilog to SystemVeril- 
og, the functional verification of the digital-design segment of 
the EDA industry has seen — and continues to see — a rich se- 
quence of ever-more-powerful standards. 
The methodology and associated support 
classes that the VMM {Verification Meth- 
odology Manual) for System Verilog de- 
scribes were the next logical steps in this 
constant industrial evolution (Refer- 
ence 1). Arising from proprietary meth- 
odologies that Synopsys (www.synopsys. 
com) and ARM (www.arm.com) devel- 
oped, VMM has become a de facto stan- 
dard for implementing constrained ran- 
dom-verification environments in Sys- 
temVerilog. 

A standard verification methodology 

enables the industry evolution to con- 
tinue to the next level of productivity. Just as VMM's creators 
built it on SystemVerilog, you can now build application pack- 
ages on the infrastructure that the VMM provides (Figure 1). 
User testbenches can then leverage the functions that those 
application packages provide, making them easier to imple- 
ment correctly and increasing efficiency. 

IDENTIFYING APPLICATION PACKAGES 

Designers build application packages, such as verification 
environments, on the generic VMM infrastructure. But un- 
like verification environments, which are specific to a design 
under verification, application packages are useful in imple- 
menting a variety of verification environments. Application 
packages must thus correspond to needs and requirements for 
verifying designs. Many years of verifying designs using the 
VMM and implementing VMM-compliant verification intel- 
lectual property — and many customers who do the same — 



SYSTEM VERILOG 



Figure 1 Just as VMM's {Verification 
i\/1ethoclology Manual's) creators built it on 
SystemVerilog, you can now build applica- 
tion packages on the infrastructure that the 
VMM provides. 



helped Synopsys identify application packages that can boost 
the productivity of implementing VMM-based verification 
environments. 

Almost all verification environments share some require- 
ments. For some of these requirements, a simple extension 
of the VMM standard library is sufficient. For example, every 
verification environment must determine when it is proper to 
terminate a simulation. To that effect, VMM creators added 
a new utility class, vmm_consensus, to the VMM standard li- 
brary. Some of these requirements require additional method- 
ology statements, which new utility or base classes support. 

For example, the new VMM environ- 
ment-composition package lets you re- 
use block- level environments in system- 
level environments. Another example 
is the RAL (register-abstraction-layer) 
package, which provides an object-ori- 
ented mechanism for accessing fields, 
registers, and memories regardless of 
their physical locations. 

Verification environments share some 
requirements and use them to verify de- 
signs in application domains. An appli- 
cation domain with a large number of 
designs creates the opportunity for ad- 
ditional application packages. For ex- 
ample, a data-stream-scoreboarding package greatly facilitates 
the implementation of self-checking structures for networking 
and DSP applications. Another example is the memory-allo- 
cation-management package, which facilitates the allocation 
of memory buffers for configuring and verifying DMA and 
memory-controller applications. 

END OF TEST 

The vmm_env::wait_for_end() method aims to let users 
implement how a verification environment detects the end 
of a test. Once the task completes, the user can cleanly shut 
down the verification environment, and a final accounting of 
all stimuli ensures that the environment has not accidentally 
lost any stimuli. You can detect the end of test by determin- 
ing an absolute amount of elapsed time, counting a number of 
clock cycles, or observing a minimum number of transactions 
on an interface. These imperative end-of-test conditions are 
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easy to implement and suitable for directed test cases, but they 
are usually too simplistic for constrained random-verification 
environments- 

When creating a constrainable random-verification en- 
vironment, it is difficult to predict exactly how long various 
tests must run. Some trivial tests may need to run for only a 
few transactions. Corner-case tests may need to run for several 
thousand transactions. Furthermore, in a layered-verification 
environment, it is usually insufficient to count the number of 
occurrences of a significant event at a single location. For ex- 
ample, the number of packets you inject into the environment 
or the number of bus cycles you observe on an output interface 
will provide information about only the activity at that loca- 
tion. To safely end a test case in a layered-verification envi- 
ronment, it is usually necessary to wait for a combination of 
conditions: all of the generators generating the number of re- 
quired transactions, all transactors sitting idle, no transactions 
remaining in transaction- level interfaces, or the Scoreboard's 
observing enough activity, for example. 

The VMM standard library provides a new utility class, 
vmm_consensus, to facilitate the identification of the test's 
end. As the name implies, this utility class implements a cen- 
tralized decision-making mechanism that indicates when no 
participants object to the decision to end the test. This mech- 
anism is perfectly scalable, allowing verification environments 
to grow — or for you to combine them — without affecting the 
complexity of the end-of-test decision. Yet, it transparently 
makes sure that the test ends as soon as but only when appro- 
priate. For convenience, the vmm_env class now includes an 
instance of the vmm_consensus in the vmm_env::end_vote 
property. 

The vmm_consensus utility class handles a variety of partici- 
pants (Figure 2). Each participant can then object or consent 
to the final decision, independently of all other participants. 
The application can register channel instances as participants 
that implicitly consent when they are empty. It can register 
transactor instances as participants that implicitly consent 
while they are indicating the vmm_xactor::xactor_idle notifi- 
cation. The application can register on/off notifications as par- 
ticipants that implicitly consent while on or off. It can register 
other vmm_consensus instances as participants that implicitly 
consent when all of the other participants consent. You can al- 
so obtain generic participant interfaces for user-defined agree- 
ment or objection to the decision. 

You need no longer implement a complex decision-mak- 



VMM_CHANNEL 
VMM_TRANSACTOR 
VMM_NOTIFY 

VMM_CONSENSUS 
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CONSENT □ 
OBJECT 0* 



(YES/NO)? 



1 



COVERAGE MODEL 



REGISTER-ABSTRACTION 



Figure 3 The register-abstraction layer isolates the upper layers of a verification environment 
and the test cases running on it from the implementation details of accessing the registers 
and memories in the design. 



Figure 2 The vmm_consensus utility class handles a variety of 
participants. 



ing algorithm with multiple forked threads watching for dif- 
ferent end-of-test conditions. Furthermore, because an object 
encapsulates the decision making, an environment can pass it 
to subenvironments, so the end-of-test decision process can 
scale as the complexity of the system-level-verification envi- 
ronment increases. 

Because the class is a generic decision-making utility, 
an environment can use different instances of the vmm_ 
consensus to implement other decisions. For example, a trans- 
action-level model could use the class to determine when all 
concurrent processing threads are done and thus can accept 
a new transaction for processing. A distributed simulation-se- 
quencing mechanism could use it where various components 
indicate their objection or consent to proceeding further in 
the simulation. 

REGISTER-ABSTRACTION LAYER 

Almost every design possesses registers accessible through 
a host processor. The first test cases written to verify almost 
every design are to determine that those registers operate as 
you would expect: that they reset to the appropriate value, 
that you can write writable bits, and that you cannot modify 
read-only bits. Unique to each design are the number of reg- 
isters, the fields that compose them, whether you can write 
or read fields, and the physical protocol you use to write or 
read them. 

When a design contains a few dozen registers, you can man- 
ually create — and, more important, maintain — the test cases 
and firmware-emulation routines. Using symbolic values for 
addresses and bit offsets can compensate for the maintenance 
effort. But when the number of registers is in the hundreds or 
thousands, creating and maintaining the register-correctness 
test cases and the firmware- emulation routines that the oth- 
er functional tests use become over- 
whelming. The task gets even more 
daunting when it becomes necessary 
to migrate the block- level environ- 
ment, firmware emulation, or tests 
to a system-level environment: The 
address of every register differs, and 
the physical interface you use to ac- 
cess the registers may no longer be 
available. 

At this point, most verification 
teams determine that automatically 
generating some abstracted mecha- 
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Figure 4 You can reuse entire networks of transactors from one environment to another. 



nism for accessing and verifying the correct operation of the 
registers from a specification is more efficient than manually 
implementing and maintaining them. A generic register-ac- 
cess-abstraction mechanism, along with an automatic genera- 
tion process from an executable specification of the registers 
in a design, dramatically reduces the threshold at which this 
automation becomes more productive. 

The VMM RAL application package is a set of base classes, 
a code generator, and an executable-register-specification for- 
mat that enables the automated generation of an object-ori- 
ented abstract register-access mechanism and predefined reg- 
ister-operational tests. The RAL isolates the upper layers of 
a verification environment and the test cases running on it 
from the implementation details of accessing the registers and 
memories in the design (Figure 3). 

RAL simplifies not only the maintenance and verification 
of accessing registers and memories in the design, but also 
writing the code that needs to access them. Changes in physi- 
cal interface, address, location, or bit offset of a field do not 
affect this simpler code, because the automatic generation of 
the design-specific RAL model based on any modification to 
the executable specification takes care of these nonfunctional 
implementation details. 

The executable specification for the register that the RAL 
application package uses is congenial enough that you may use 
it as the primary register-specification vehicle and manually 
author and maintain it. However, you can just as easily gen- 













TRANSFORM 
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Figure 5 You can also use the VMM data scoreboard to verify 
multistream designs with user-defined data transformation and 
input-to-output stream routing. 



erate it from register-specification documents, such as Excel 
spreadsheets or Word documents. 

ENVIRONMENT COMPOSITION 

The VMM defines the transactor as the unit of reusability, 
but more complex structures can be reusable. For example, a 
complete TCP/IP (Transmission Control Protocol/Internet 
Protocol) stack can be reusable, or the interface monitors and 
self'checking structure of an intellectuaLproperty core can aL 
so be reusable. You can reuse entire networks of transactors 
from one environment to another (Figure 4)- 

Why not simply reuse entire environments? Why bother 
with subenvironments at all? Environments are specific to a 
design under verification. Unless a design is identical to the 
design you previously verified, the verification environment 
is not reusable. You must introduce configurability into the 
original environment to support its reusability in different 
contexts. For example, you would have to disable the entire 
stimulus stack on the SOC (system-on'chip)'bus side of an 
intellectuaLproperty core to reuse the environment from the 
core level to the SOC level. 

Rather than promote the creation of highly configurable 
verification environments, this application package takes a 
middle-of-the-road approach. Environments are design-spe- 
cific and, thus, not reusable as is. However, you may make por- 
tions of those environments reusable and configurable. This 
ability simplifies the correct construction of both the reus- 
able subenvironments and the environments that use them. 
But, should a complete environment be reusable, nothing pre- 
vents an author from encapsulating it as a reusable subenvi- 
ronment. 

Furthermore, subenvironments are not limited to encapsu- 
lating transactors, channels, and physical interfaces. They can 
also encapsulate smaller subenvironments that you combine 
to create a subsystem environment. You can then reuse these 
subenvironments in system-level environments. 

Creating reusable subenvironments entails more than 
simply wrapping transactors, channels, and physical inter- 
faces in yet another class. It must be possible to configure 
the DUT (device-under-test) functions associated with the 
reused subenvironment within the new context, without 
modifying the block-level configuration code. The VMM 
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SIMULATION 




RAL abstracts the configuration process 
in the subenvironment from the physical 
details of writing registers and memories. 
If the block'level functions require ac- 
cess to memory that the system may share 
at the system level, a memory-allocation 
manager must ensure that different blocks 
use different memory regions- Identifying 
the end'of'test condition must take into 
account the needs of the various suben- 
vironments without requiring the author 
of the system- level environment to know 
the details of how a subenvironment de- 

termines it is time to end the simulation. 

The new vmm_consensus utility class al- 
lows the end'of'test condition to scale from block- to sys- 
tem-level environments- 
Reusing various structures from block- and system-level veri- 
fication environments does not happen by accident- It is nec- 
essary to plan and build those block-level environments to 
create reusable structures- The VMM environment-composi- 
tion package provides clear guidelines and support for imple- 
menting these reusable structures. Reusable subenvironments 
can greatly accelerate the creation and maintenance of higher 
level environments. With true reuse, you can even execute the 
development of block- and system- level environments in par- 
allel, with the system-level environment automatically inherit- 




Figure 6 You can easily target a layered VMM-based verification environment from a 
pure software-simulation engine to a coemulation engine. 



ing all updates and improvements you make to the portions of 
the block-level environments it reuses. 

DATA-STREAM SCOREBOARDING 

Implementing the response-checking mechanism in a self- 
checking environment remains the most time-consuming 
task. The VMM data-stream-scoreboarding package facili- 
tates the implementation of verifying the correct transforma- 
tion, destination, and ordering of data streams. This package 
is intuitively applicable to packet-oriented design, such as mo- 
dems, routers, and protocol interfaces. You can also use it to 
verify any design transforming and moving sequences of da- 
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ta items, such as DSP datapaths and 
floating-point units- 

You can use the VMM data-stream 
scoreboard out of the box to veri- 
fy single-stream designs that do not 
modify the data flowing through 
them. For example, you can use it to 
verify FIFOs, MACs (media-access 
controllers), and bridges- 

You can also use the VMM data 
scoreboard to verify multistream de- 
signs with user-defined data transfor- 
mation and input-to-output stream 
routing (Figure 5)- For example, it 
can verify an encryption engine as 
single stream or as a crypto transfor- 
mation; as routers for multistream 
routing tables or with no transforma- 
tion; and as data multiplexers with 
multiple input streams or encapsula- 
tion. The transformation from input 
data items into expected data items is not limited to one-to- 
one transformations- You can transform an input data item in- 
to multiple expected data items, such as segmenters, or no ex- 
pected data items, such as reassemblers- 

The package provides three predefined "expect" functions: 
strictly in order, in order with losses, and out of order. But, 
should you require a different expect function, powerful iterator 
classes allow you to easily traverse the scoreboard-data structure 
without knowing the details of its implementation. You can also 
use these same powerful iterators to implement more complex 
prediction functions, such as reordering or multicasting. 

Using the VMM data-stream scoreboard simplifies the cre- 
ation of a self-checking structure by leveraging a proven and 
efficient set of data- structure and look-up functions. It also fa- 
cilitates integrating the scoreboard with the rest of the verifica- 
tion environment. The VMM data-stream scoreboard is aware 
of the methodology for implementing the verification envi- 
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igure 7 The VMM performance-analysis package can measure the performance of an SOC 
bus with multiple masters and multiple slaves or measure the overall throughput of a design. 



ronment in which it will see use, and you can make VMM- 
compliant transactors aware of the scoreboard that will verify 
the response. The latest Synopsys version of the VMM library 
therefore includes predefined integration methods and macros 
to ease the task of getting the stimulus and observed response 
transactions to the scoreboard. Instead of manually extend- 
ing, instantiating, and registering callback methods, VMM- 
compliant transactors now offer a predefined scoreboard- in- 
tegration method. For example, you can now integrate the 
predefined VMM generators with a VMM data-stream-score- 
board instance using a single method call. Similarly, you can 
easily attach a VMM data-stream-scoreboard instance to the 
status information of a VMM notification. 

HARDWARE-ASSISTANCE LAYER 

Simulations that require days of runtime can benefit from 
the performance of hardware-assisted verification. You map 
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in its technical resource for Quake. Avnet experts analyzed Quake's design 
and suggested Tl's portfolio of high-performance analog and DSP products - 
because of the quality of these products, Tl's applications knowledge and its 
local technical support. 

Ultimately, the redesigned Q1 200 was completed in only nine months and 
with better performance - exactly the kind of support across the board that 
Quake wanted. 

Ready. Set. Go to Market.™ 

To receive a FREE $49 Tl evaluation module and see how 
Tl and Avnet can help you in your next design, go to: 
www.em.avnet.com/ti/satb 
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the design to a reconfigurable hardware platform, and the test- 
bench remains on the simulator. The simulator and hardware 
platform then communicate to execute the simulation. The 
system realizes the greatest performance benefits when you al- 
so map a portion of the testbench to the hardware platform, 
alongside the design, and you minimize the frequency and 
amount of communication between the hardware platform 
and the simulator. 

You can easily target a layered VMM-based verification en- 
vironment from a pure software-simulation engine to a coemu- 
lation engine (Figure 6). The SCE-MI (Standard Coemula- 
tion Modeling Interface) industry standard offers a standard 
transaction-level communication mechanism between the 
simulated and the emulated layers of the testbench. However, 
the SCE-MI standard is currently only for C testbenches. The 
ability to reuse the System Verilog testbenches to verify the 
basic functions of the design and its components provides for 
greater productivity and shorter time to emulation. 

The VMM hardware-abstraction-layer package provides a 
SCE-MI-like transaction-level interface mechanism between 
a simulated System Verilog testbench and emulated synthesiz- 
able bus-functional models, also written using System Verilog. 
The advantage of using a common language for both sides of 
the coemulation equation is that you can create a reference 
implementation that does not use a hardware platform. You 
can then use the reference implementation to develop the test- 
bench and test cases as well as to reproduce failures that you 



observed on the emulator. This reference implementation, 
although significantly slower than a hardware platform, pro- 
vides for a more flexible and integrated debugging capability, 
without tying up the hardware platform. 

The VMM hardware -abstraction- layer package includes 
several guidelines for building coemulation testbenches and 
writing synthesizable command-layer transactors. It provides 
synthesizable message interfaces for synthesizable transac- 
tors and message-port classes to send messages to and receive 
messages from the emulated transactors. These interfaces 
and classes encapsulate the platform-specific message-passing 
mechanism, which can be SCE-MI, and render the verifica- 
tion environment portable to hardware-assistance platforms. 

PERFORMANCE ANALYZER 

Functional coverage, which encompasses functional-cover- 
age points in cover-group statements or coverage properties, 
measures the occurrence of simple singular events. When an 
event happens, the system records it. The simple fact that an 
event has occurred is enough to satisfy functional-coverage 
points. 

But singular events are just one type of functional-coverage 
metric. The functional correctness of many designs requires 
the collection of statistical-coverage metrics, such as mini- 
mum, maximum, and average memory-request latencies or av- 
erage and peak bus usage. 

The VMM performance-analysis package enables the col- 
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lection of statistical-coverage metrics- It can measure the per- 
formance of any resource that you use over time. Multiple ini- 
tiators can use the resource, and multiple targets may provide 
the resource- For example, you could use it to measure the per- 
formance of an SOC bus with multiple masters and multiple 
slaves. You could also use it to measure the usage of a shared 
memory or an arbiter of the overall throughput of a design 
(Figure 7). 

A simulation can contain several performance- analyzer in- 
stances, each measuring different performance aspects. You 
can merge the performance metrics you collect during concur- 
rent simulation runs of a regression suite to obtain overall per- 
formance measurements across all of the simulations. 

The definition of useful work and when that work starts, 
stops, resumes, and eventually completes are up to the user, 
as is the measure of usefulness of that work. Users can meas- 
ure performance with respect to simulation time, number of 
clock cycles, or any other gauge of duration the user chooses. 
You can thus use the VMM performance-analysis package to 
measure any activity that occurs, such as bus usage, memory- 
subsystem response, or interrupt servicing, over time. The per- 
formance analyzer keeps track of the metrics — whatever they 
signify to the user — and allows the system to record, merge, 
and report them. 

The system verifies the functional correctness of a design 
using scoreboarding techniques or reference models. When 
exploring the architecture of a design, functional correctness 
also includes meeting the performance requirements of the de- 
sign. You can use the performance-analysis package to deter- 
mine the performance correctness of a chosen architecture on 
a transaction-level or stochastic model of the design architec- 
ture or on an RTL (register-transfer-level) model. 

Standardizing a common verification methodology offers 
the opportunity for developing functions at a higher level of 
abstraction. The VMM application package allows a verifica- 
tion team to increase its productivity without sacrificing the 
quality of the design under verification.EDN 
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Simultaneous Power-Down Sequencing 
with Linear Regulators 



By Jeff Falin 

Senior Applications Engineer 

Introduction 

In the past, ensuring successful power up for 
DSPs and FPGAs in electronic equipment was a 
challenge. The most recent DSPs and FPGAs have 
more relaxed requirements for core and I/O power 
up/down. However, a few still specify power-up 
ramp rates and recommend sequential sequencing 
for predictable and repeatable startup. Even fewer 
specify power-down requirements, including ramp 
rates and/or sequences. In most cases, the ultimate 
goal of these requirements is to ensure that the DSP 
and FPGA power rails do not have a larger differen- 
tial voltage than that for which they were designed, 
even during the brief periods at power up/down. 
Otherwise, immediate or cumulative damage to 
internal circuits, which reduces long-term reliability, 
can occur Therefore, the ideal method for DSP and 
FPGA power up/down is for all rails to rise and fall 
at the same time and rate. 

Two or more power-rail ICs are said to have been 
simultaneously sequenced on power up when they 
track one another with the same rising dv/dt, and 
the lower rail stops at its regulated voltage while 
the upper rail continues to its higher regulated 
voltage. Various devices, including the TPS74301 
linear regulator, have a tracking input to provide 
simultaneous power-up sequencing. Simultaneous 
sequencing on power up/down is implemented by 
replacing the converter's error-amplifier reference 
voltage with the tracking input signal while the 
signal is less than the reference voltage. However, 
for power-down sequencing to work, the converter 
must have circuitry to pull down the output under 
light load. Switching converters such as the 
TPS54x80 family can easily pull down the output 
by modulating the duty cycle. Most linear regulators 
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do not have pull-down circuitry; so, even though the 
linear regulator tries to lower the output voltage, 
it must wait for the output capacitor to discharge 
through the load resistance. Figure 1 shows a block 
diagram of the TPS74301 configured to track the 
3.3-V rail from a TPS54610. See Reference 1 for a 
complete schematic of TPS54xxx devices. 
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Figure 1. Block diagram of TPS74301 providing 
power-up/down sequencing 
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Figure 2. TPS74301 1 .5-V output with power-up 
sequencing 

Figure 2 shows simultaneous power up of the 
3.3-V and 1.5-V rails. Figure 3 shows that, with the 
pull-down circuitry (low-cost, bipolar transistors Q1 
and Q2 and their supporting components) removed, 
the TPS74301 output voltage does not track down 
because the power-down load resistance is too high. 
The pull-down circuitry shown in Figure 1 adds the 
pull-down resistor, Rp^, in parallel with R^, which 
lowers the regulator's load resistance and its RC time 
constant (R^ x C^^) during power down. This means 
that the TPS74301 output will track down as shown 
in Figure 4, since the Rp^ || (R^^ x C^^) time constant is 
less than the R^^ x C^^ time constant. 

The circuit in Figure 5 shows how to make all versions 
oftheTPS74x01 familyachieve"pseudo" simultaneous 
power-up/down sequencing by having V^^^ follow V,^. 
When V,^ is less than the sum of the output voltage 
and the regulator's dropout voltage (V^q) for a given 
output load, the regulator's pass element is operating 
in dropout. Therefore, if the load during power up/ 
down is heavy enough, the regulator's output voltage 
could be below the voltage being tracked by V^^^^^^^. 
Note that the soft-start capacitor, C55, must be set so 
that the TPS74x01 output ramps up faster than V,^. 

Please see Reference 2 for the complete version of 
this article, which shows waveform examples for two 
TPS74x01 devices with a 1-Q load and one device 
with no load. 

Conclusion 

The TPS74x01 family of linear regulators easily 
provides simultaneous power-up sequencing and, 
with the assistance of simple pull-down circuitry 
and/or careful sizing of the load resistance at power 
down, provides two different methods for achieving 
simultaneous power-down sequencing. 
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Figure 3. TPS74301 1 .5-V output without power-down 
sequencing 
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Figure 4. TPS74301 1 .5-V output with power-down 
sequencing 
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Figure 5. Block diagram of TPS74x01 providing pseudo 
power-up/down sequencing 
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USB battery-charger 
designs meet new 
industry standards 

USB IS NOT JUST FOR DATA TRANSFER ANY MORE; THERE ARE 
TOO MANY GOOD REASONS TO USE IT IN SUCH APPLICATIONS 
AS CHARGING HANDHELD-DEVICE BATTERIES. NEW STANDARDS 
ADDRESS SUCH USES, AND NEW CONNECTORS AND ICs CAN 
MAKE SHORT WORK OF YOUR DESIGNS. 



The USB (Universal Serial Bus) has become the in- 
dustry's most pervasive connectivity technology, es- 
pecially in portable, consumer devices- The broad 
adoption of this standard has initiated several fol- 
low-up efforts that respond to handheld devices' 
continuing need to have USB perform more func- 
tions than just USB 2.0-compliant data transfer. The indus- 
try has seen a growing trend toward using USB's power ca- 
pabilities to charge batteries. In addition, increasing numbers 
of applications now take advantage of the USB OTG (On- 
The-Go) supplement, which allows device-to-device connec- 
tivity without the need for a PC host. Moreover, the increas- 
ing dominance of industrial design in system design calls for 
space-saving, low-profile PCBs (printed-circuit boards) and 
components that require new, slimmer interconnection tech- 
nologies. To provide industry- standard approaches to these 
challenges and maintain USB's high level of consumer satis- 
faction, the USB-IF (USB Implementers Forum) has devel- 
oped several new specifications (references 1 and 2). 

In addition to these specifications, other initiatives have 
found ways to address similar challenges. The most influen- 
tial of these initiatives has been China's new Telecommunica- 
tions Industry Standard for mobile-telecommunication-termi- 
nal equipment (Reference 3). This standard aims to reduce 
consumers' handset costs, to provide interoperability of ac/dc- 
charging adapters, and to protect the environment by mini- 
mizing electronic waste. Under the new standard, compliant 
wall-mounted chargers provide a USB connector to ensure 
universal charging with all mobile phones. The standard al- 
so specifies safety and performance requirements that chargers 
and phones must meet. 

BENEFITS OF USB CHARGING 

Most of today's computers and peripherals, including flash 
cards, digital cameras, cellular phones, printers, mice, and key- 
boards, use a USB port for data transfer. The USB 2.0 speci- 
fication has expanded market opportunities by enabling da- 
ta transfer at rates as high as 480 Mbps and maintaining at- 
tractive plug-and-play characteristics (Reference 4)- In addi- 
tion, the USB port's power capabilities make it a useful power 
source for millions of consumers. 



One of the most popular applications of the USB port's 
power capabilities is charging of single-cell lithium-ion- 
and lithium-polymer-battery packs. Many users spend hours 
each day in front of a PC and therefore have USB charg- 
ing at their finger tips — a great convenience. According to 
the USB specifications, a USB port can deliver a theoreti- 
cal maximum of 500 mA at 5V±10%. By taking full advan- 
tage of USB's power capabilities as well as the need for high- 
speed computer access, some applications have been able to 
eliminate the need for an ac adapter and its associated cost. 
A great example is the MP3 player: A typical user connects 
an MP3 player to a computer to create or update the device's 
music list, so a USB port and cable are already in use for data 
transfer. Using the same setup for battery charging is a logi- 
cal next step. Digital still cameras, portable GPS (global-po- 
sitioning-system) devices, and smartphones further exempli- 
fy applications that require PC access for data uploads, such 
as pictures and contacts, and thus can benefit significantly 
from USB charging. 

NEW USB-CHARGING STANDARDS 

The new Chinese standard introduces a variety of electri- 
cal and mechanical requirements that ensure battery-charging 
intercompatibility and safety. The standard requires new wall 
chargers to provide a connector that complies with the USB 
Type A specification (Figure 1 ) . This mechanical implemen- 
tation allows connection of mobile phones to any dedicated 
wall charger or computing USB port for battery charging. The 
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PIN 1:VBUS (RED) 
PIN 2: D- (WHITE) 
PIN3:D+ (GREEN) 
PIN 4: GROUND (BLACK) 



Figure 1 USB Type A connectors have four pins. The original 
function of pins 2 and 3 was data transmission. Newer stan- 
dards also use these pins to enable communication between 
power controllers and power sources to establish such 
characteristics as maximum output current. 
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new wall chargers must be able to supply at least 300 mA but 
not more than L8A. This current range addresses both the 
low'Cost and the high-performance product segments- The 
Chinese-government mandate also refers to a wall-charger-de- 
tection scheme, which requires detecting a short circuit be- 
tween the D+ and D— terminals- Last, the new wall chargers' 
output voltage must be 5V±5%. 

The new USB-IF battery-charging-specification revision 
1.0, published in April 2007, introduces a provision that al- 
lows charging of a dead battery with 100 mA when the system 
is asleep until the system is awake, contrary to the original 
specification's 2.5 -mA limitation. This higher current reduces 
wake-up time and eliminates the need for consumers to wait 
until the battery charges above the system-active level. This 
provision also introduces and defines three types of power 
sources for battery charging: a wall charger, a PC USB charger, 
and a host charger. These power sources look the same and 
have a USB mechanical connection. Therefore, the standard 
introduces a well-defined methodology for allowing the por- 
table-device application to distinguish among them and take 
appropriate system actions. 

In January 2007, the USB-IF also released the micro-USB 
specification for a next-generation USB connector (Figure 2). 
The development of this connector has enabled portable-system 
applications to further reduce space and profile without any per- 
formance or reliability compromises. Furthermore, the micro- 
USB-connector specification supports the current USB OTG 
supplement, which allows communication among portable de- 
vices without going through a host. Integrating OTG in new de- 
signs does, however, require use of the new connector, because 
micro-USB connectors don't support OTG. The first mobile 
phones with this new interconnect technology were announced 
in the second quarter of 2007, and industry leaders expect that, 
within a few years, the micro-USB technology will become the 
connectivity standard for portable devices. 

POWER-SOURCE DETECTION 

One of the most critical aspects of mobile-phone designs 
that must be compatible with the new standards is detection of 
the connected power source. Detection is critical because the 
new wall charger and USB ports will be mechanically identi- 
cal to the older versions — that is, they both use USB Type A 
connectors — even though their power characteristics drasti- 
cally differ. For example, when you connect a mobile handset 
to a USB port, the handset must fully comply with the USB 
2.0 specification. In this case, the charger IC needs to initially 
limit the current to less than 100 mA and allow a 500-mA 
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Figure 2 The new low-profile micro-USB connector allows cell 
phones to use computer-USB ports as well as dedicated char- 
gers for both data interchange and battery charging (courtesy 
Molex Corp). 



level only after completion of handshaking with the USB host 
or hub. On the other hand, when you connect a handset to a 
wall charger, charging can start immediately, and you should 
adjust the fast-charge current to a usually higher value that 
depends on the wall-charger rating. 

Both the new Chinese and USB-IF standards provide guide- 
lines for detecting the power- source type by reading the im- 
pedance between D+ and D— . More specifically, a compliant 
wall charger internally short-circuits D+ and D— and leaves 
the shorted node floating. Therefore, D+ and D— short to- 
gether but do not connect to any part of the charger. The 
new Chinese standard doesn't specify short-circuit-detection 
mechanisms, whereas the USB-IF battery-charging specifica- 
tion 1 .0 sets forth two alternative methods. 

The USB protocol uses the D+ and D— signal lines to form 
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Figure 3 To control charging current, a new spec from the USB Implementers Forum calls for wall-mounted battery chargers 
to implement this design, which connects the USB connector's D+ and D— pins but does not otherwise connect them. 
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SMPS solutions with efficiency designed in and extra work designed out 



Application notes and 



you simplify and optimize 
SMPS designs. Access the 
solutions you need at 
www.fairchildsemi.com/acdc 



F/\IRCHII-0 



10 



Fairchild Power Switches: Our 

Green FPS^'^ family includes more 
than 20 PWM controller + FETs with protection 
features for meeting worldwide energy efficiency 
requirements. All are optimized for specific 
topologies, like our new FSFR2100 for LLC 
resonant half-bridge converters. 



PFC Controllers: Our PRC 

controllers with built-in protection 
increase efficiency and reliability 
while minimizing external components. Choose 
from stand-alone or combination of PWM and 
PFC controllers, such as our new green 
mode SG6905 boost PFC/flyback PWM 
combo controller. 



Gate Drivers: Our new FANSxxx 

series of high-speed, low-side gate 
drivers offers the industry's best combination 
of performance, size and design flexibility in 
primary-side gate drive or secondary-side 
synchronous rectifier solutions. Reduced 
switching times, many input options and tiny MLP 
packages allow you to optimize your design. 

Only Fairchild offers complete SMPS solutions — 
including high voltage MOSFETs, isolated error 
amplifiers, bridge rectifiers and the industry's 
leading design support. To make your AC-DC 
designs fast, easy and up to 97% efficient, all 
you need to know is Fairchild. 
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Figure 4 If you use a PC's USB port for battery charging, the D+ and D— pins do not short together as they do in the wall-mounted 
charger. In addition, a 1 S-kfl resistor connects each of the pins to ground. 



a differential pain D+ and D— carry binary data from an up- 
stream port to downstream devices or from downstream de- 
vices to an upstream port- The USB 2,0 specification requires 
that 15-kn±5% resistors that connect to ground should ter- 
minate the D+ and D— lines at host or hub ports- A simple 
circuit detects whether the upstream port is a charger that the 
new standards specify (Figure 3). If the upstream port is a wall 
charger, D+ and D— should short together, and the shorted 
node should float. 

When the upstream port is not a wall charger that one of 
the new standards specifies, D+ and D— do not short. Be- 
cause the upstream-port connector is a USB-standard Type A 
device, the port is most likely a PC's USB port, which operates 
under a protocol that USB 2.0 specifies. Hence, D+ and D— 
require 15'kn±5% pulldown resistors at the upstream port 
(Figure 4). 

CURRENT LIMIT 

Although the D+ and D— short-circuit-detection scheme 
can effectively identify a wall charger, the mobile device's 

MICRO-USB CONNECTOR 
4.35V TO 6V 
(1 6V OVERVOLTAGE PROTECTION), 

500 TO 1000 mA SMB138 
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D + 



GROUND 



Ddcin 



USB XCVR 
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GPlOO 
GPI01 
TRISTATE I/O 



BOOT 



SW 



CSIN 



0.1 TO IF 




Figure 5 You need only one IC to meet the requirements of USB data transfer and charging control. 
This device also implements features that increase charging speed and ensure the application's safety. 



charging'Control circuit should determine the charger's cur- 
rent'Carrying capability so that charging complies with safety 
standards. For instance, if the mobile's charging-control cir- 
cuit tries to sink more current than the wall charger can fur- 
nish, an overcurrent condition results and activates overcur- 
rent protection, which typically clamps the charger's output 
voltage, although some chargers may behave differently. 

The Chinese standard specifies the maximum charger-out- 
put current as 300 to 1800 mA, whereas the new USB-IF bat- 
tery-charging specification specifies a current range of 500 to 
1800 mA. Therefore, the charger-current limit should lie be- 
tween 300 or 500 mA and 1800 mA. To safely optimize charge 
current versus charge time, the charging-control circuit must 
identify the charger's current limit. Summit Microelectronics 
(www.summitmicro.com) has pending patent applications for 
making and applying this determination. 

If you can't establish the optimum current, a safe design 
practice is to set the maximum-charge current to 300 mA, 
ensuring that the mobile phone operates safely with all com- 
pliant chargers whose current ratings lie between 300 and 

1800 mA. A drawback is 
that such low charge cur- 
rents yield long charging 
times, which negatively 
affect consumer percep- 
tion. So, both standards 
require that wall chargers 
carry labels with relevant 
information, such as in- 
put and output current 
and voltage. It is therefore 
feasible to optimize the 
charge current for mobile- 
phone designs and to rec- 
ommend the use of char- 
gers with specific output- 
current ratings. For in- 
stance, setting the mobile 
device's sinking current at 
800 mA for an 800-mAhr 
battery pack (IC rate) 
and recommending the 
use of chargers with no 
less than 800-mA output- 
current capability are ef- 
fective ways to ensure sat- 
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Intersil Handheld Products 



High Performance Analog 




Improve your performance in 
portable media players with Intersil's 
high performance analog ICs. 
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Analog Mixed Signal: 

^ Amplifiers 

— DCPs 

^ Light Sensors 

— Real-Time Clocks 

— RS-232 Interface 

— Switches/MUXes 
^ Video Drivers 

^ Voltage References 



Go to www.intersil.com for samples, datasheets and support 



Intersil -An industry leader in Switching Regulators and Amplifiers. 

©2007 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design). 




Power Management: 

^ Backlight Drivers 

^ Battery Authentication 

^ Battery Chargers 

^ Fuel Gauges 

^ Integrated FET Regulators 

— LCD Display Power 

— LDOs 

^ Memory Power Management 
^ Overvoltage and 

Overcurrent Protection 
^ Voltage Monitors 



intei kil 

HIGH PERFORMANCE ANALOG 



isfactorily rapid charging. (The "IC rate" is the rate that will 
theoretically charge a battery to its capacity in one hour.) 

SAMPLE BATTERY-CHARGER IMPLEMENTATION 

A typical charging approach is compatible with the several 
new standards (Figure 5). Summit Microelectronics' SMB138 
switch-mode-battery-charger IC operates from 435 to 6V and 
is therefore compatible with the 5V±5% adapter-output volt- 
age that the Chinese standard and the USB-power specifica- 
tions specify (Reference 5). In addition, this charging IC in- 
corporates input overvoltage protection that suspends opera- 
tion when the charger voltage exceeds approximately 6.2V 
Additional protection features, including battery-overvoltage 
and -overcurrent protection, meet the industry's strict second- 
ary-safety requirements. 

When the system detects a wall-charger connection with 
D+ and D— shorted, the system microcontroller or a discrete- 
switch implementation leaves the USB5/1/AC input floating, 
thereby allowing a programmable input current of 550 to 1250 

mA. This operation allows for maximum-charge 

current and thereby minimum charging time in the 
fast-charge mode. If the system does not detect a 
short circuit between D+ and D— , it assumes that 
the mobile phone is connected to a desktop or note- 
book computer's USB port. To comply with USB 
2.0, the microcontroller brings the USB5/1/AC in- 
put low, thereby limiting input current to less than 
100 mA. Once the microcontroller has successfully 



[+1 Go to www.edn. 
com/ms4269 and 
click on Feedback 
Loop to post a com- 
ment on this articie. 



performed the USB- enumeration procedure, the mobile phone, 
and therefore the charger IC, can draw as much as 500 mA 
from the USB port. To accomplish the current increase, the 
controller can bring the USB5/1/AC input pin high. 

In addition to providing full compliance with the new stan- 
dards. Figure 5's implementation can provide additional value 
to the mobile-phone design. Unlike traditional linear-charging 
approaches, the basic operation of the SMB138's switch-mode 
architecture allows for an output charging current that can be 
significantly higher than the input current, resulting in shorter 
charging and a better consumer experience. This feature is ben- 
eficial when you use a USB port as a 500-mA-maximum pow- 
er source. In addition, many of the new, compliant wall char- 
gers are limited to current levels as low as 300 mA for reduced 
system cost and the lower cost associated with CCC (China 
Compulsory Certification). Such cost-reduction measures will 
be necessary to enable charger manufacturers to provide appro- 
priately priced products for the broad consumer market. 
When not in charging mode, the SMB138 can also pro- 
vide the output voltage of 5 V and current of more 
than 100 mA required for powering an OTG- 
compliant peripheral that connects to a mobile 
phone or digital camera. Integrating this capabili- 
ty eliminates the need for additional components, 
thereby reducing system cost and board space. 
Equipment designers can configure the SMB138 
to operate in many modes and adapt it to many 
charging profiles. This versatility allows the use 
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Tiny Leadless Standard SOT 

vs 

Modules'' * Packages 



Central's new Tiny Leadless Modules'^' 

Designed for today's ultra thin electronic products, Central Semiconductor 
Corp. introduces the Tiny Leadless Module (TLM™) family. These new 
package types feature lower profile (height) and reduced board space 
utilization as compared to industry standard SOT packages. 
Here are several featured devices from this new family: 
Rectifiers 



The Advantage 



Central 
Type No. 


'f 

(A) 


Vrrm 

(V) 


Description 


TLM Size 
Lx Wx H 
(mm) 


Package 


*CTLSH1-40M621H 


1.0 


40 


Single, Schottky 


2 X 1.5 X 0.4 


TLM621H 


CTLSH1-40M832D 


1.0 


40 


Dual, Schottky 


3 X 2 X 0.9 


TLM832D 


CTLSH2-40M832 


2.0 


40 


Single, Schottky 


3 X 2 X 0.9 


TLM832 


CTLSH3-30M833 


3.0 


30 


Single, Schottky 


3 X 3 X 0.9 


TLM833 


CTLSH5-40M833 


5.0 


40 


Single, Schottky 


3 X 3 X 0.9 


TLM833 


Transistors 


Central 
Type No. 


'c 

(A) 


VCBO 
(V) 


Description 


TLM Size 
LxWx H 
(mm) 


Package 


*CTLT3410-M621 


1.0 


40 


Low VcE(SAT)' NPN 


2 X 1 X 0.8 


TLM621 


*CTLT7410-M621 


1.0 


40 


Low VcE(SAT)' PNP 


2 X 1 X 0.8 


TLM621 


CTLT853-M833 


6.0 


200 


High Current, NPN 


3 X 3 X 0.9 


TLM833 


CTLT953-M833 


5.0 


140 


High Current, PNP 


3 X 3 X 0.9 


TLM833 



Standard SOT Package vs. Bottom Contact TLM^"^ 

• Board Space Comparison 





SOT-223 



TLM833 



• Low Profile 

1.65nnnn 
y 



SOT-223 



45% 
Lower Profile 
than SOT-223 

0.9mnn 
y_ 



TLM833 



75% 
Lower Profile 
than SOT-223 

0.4mm 
TLM621H 



Combo: Low Vce(SAT) Transistor and Low Vp Scliottky Rectifier Mj^M 



Illustrations of devices are not shown in actual size, but are in proportion to each other. 
All values are shown as nominal. 



Central 
Type No. 


Transistor 


Rectifier 


TLM Size 
LxWx H 
(mm) 


Package 


'c 

(A) 


VcBO 
(V) 


'f 

(A) 


Vrrivi 

(V) 


CTLIVI1034-M832D (NPN) 


1.0 


40 


1.0 


40 


3 X 2 X 0.8 


TLM832D 


CTLM1074-M832D (PNP) 


1.0 


40 


1.0 


40 


3 X 2 X 0.8 


TLM832D 



ISO 9001:2000 
Certified 



Call Today and experience the TLM Advantage. 
For Samples visit: www.centralsemi.com/tlm3 
or call 631-435-1110 



Central welcomes the opportunity to explore selected, special, or custom devices, upon request. 
' Under Development 
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145 Adams Avenue, Hauppauge, NY 11788 USA • Tel: (631) 435-1110 • Fax: (631) 435-1824 



of one type of IC in multiple products, 
even those with widely different system 
designs, battery types, and capacities- 
In addition, the advanced protection 
features provide primary and second- 
ary protection and simplify compliance 
with strict safety standards, such as IEEE 
1725. 

USB's increasing popularity has re- 
suited in several industry initiatives that 



respond to handheld devices' growing 
need for expanded USB capabilities- 
New battery-charging specifications in- 
troduce conditions and limits for allow- 
ing devices to draw current greater than 
what USB 2.0 specifies- The strengthen- 
ing of supplemental specifications sim- 
plifies the use of USB without the need 
for a host. Requirements for slimmer in- 
dustrial designs have resulted in the def- 



inition of new USB connectors that are 
poised to establish a new industry stan- 
dard- All of these initiatives aim at max- 
imizing consumer satisfaction by reduc- 
ing cost, enhancing compatibility, and 
minimizing electronic waste. EDN 
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Think out of the box! 

Are you using the right tool for the job? 




PC-based oscilloscopes are far more 
powerful for many applications! 

Here's why... 

• Thousands of times faster PC access to waveform data 

• Up to 8 channels in a single card, or up to 64 channels 
in a single PC 

• Much higher signal fidelity 
(12, 14, or 16-bit resolution) 

• Easy hardware & software 
integration to create a fully 
custom measurement system 

• Advanced timing features such 
as trigger time-stamping, clock 
in/clock out, trig in/trig out, 10 
MHz reference clocking 

• Programmable on-board signal 
analysis features 

• GigaBytes of on-board acquisition memory 

1-800-567-4243 
www.gage-applied.com/thinkoutofthebox 
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Single Resistor Sets Positive or Negative Output 

for DC/DC Converter - Design Note 435 
Jesus Resales 



Introduction 

Many electronic subsystems, such as VFD (vacuum 
fluorescent display), TFT-LCD, GPS or DSL applications, 
require more than just a simple step-down or step-up 
DC/DC converter. They may require inverting, noninverting 
converters or both. Designers usually resort to different 
regulator ICs to control various polarity outputs, thus 
increasing the inventory list. The LF3580 solves this 
problem by controlling either positive or negative outputs 
using the same feedback configuration. It contains an in- 
tegrated 2A, 42V switch and packs many popularfeatures 
such as soft-start, adjustable frequency, synchronization 
and a wide input range into a small footprint. The LT3580 
comes in an 8-pin 3mm x 3mm DFN or MSOP packages 
and can be used in multiple configurations such as boost, 
SEPIC, flyback and Cuk topologies. 

Sensing Output Voltage Has Never Been Easier 

The LT3580 has a novel FB pin architecture that simpli- 
fies the design of inverting and noninverting topologies. 
Namely, therearetwo internal erroramplifiers;onesenses 
positive outputs and the other negative. Additionally, the 
LT3580 has integrated the ground side feedback resistor 
to minimize component count. To illustrate the benefits, 
notice how the schematics in Figures 1, 3 and 5 need 
only one feedback resistor. 

A single sense resistor simply connects to the FB pin 
on one side and to the output on the other regardless of 
the output polarity, eliminating the confusion associated 
with positive or negative output sensing and simplifying 
the board layout. A user decides the output polarity he 
needs, the topology he wants to use and the LT3580 
does the rest. 

Adjustable/Synchronizable Switching Frequency 

It is often necessary to operate a converter at a particular 
frequency, especially if the converter is used in an RF com- 
munications product that is sensitive to spectral noise in 
certain frequency bands. Also, if the area available for a 
converter is limited, operating at higher frequencies allows 



the use of tiny component sizes, reducing the real estate 
required and the output ripple. If power loss is a concern, 
switching at a lower frequency reduces switching losses, 
improving efficiency. The switching frequency can be set 
from 200kHz to 2.5MHz via a single resistor from the RT 
pin to ground. The device can also be synchronized to an 
external clock via the SYNC pin. 

Soft-Start and Undervoltage Locl(Out 

To alleviate high inrush current levels during start-up, the 
LT3580 includes a soft-start feature which controls the 
ramp rate of the switch current by the use of a capacitor 
from SS to ground. 



The SHDN pin in the LT3580 serves two purposes. Tying 
it high or low turns the converter on or off. In situations 
where the input supply is current limited, ha sahigh source 
impedance or ramps up/down slowly, the SHDN pin can 
be configured to provide undervoltage lockout through 
a simple resistor divider from V||\j to ground. 

Boost Converters 

A boost converter, shown in Figure 1, produces a posi- 
tive output voltage always higher than its input. Figure 2 
shows the efficiency graph for the boost converter in 
Figure 1 at a 4.2V input. 

U . LT, LTC and LTM are registered trademarks of Linear Technology Corporation. 
All other trademarks are the property oi their respective owners. 
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Figure 1. 3V-10V to 12V, 300mA Boost Converter 
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Figure 2. Efficiency for the Figure 1 Converter at 4.2V|n 
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Figure 3. 5V-24V to -12V, 350mA Cuk Converter 
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Figure 4. Efficiency for the Figure 3 Converter at SVin 
Cuk Converter 

Figure 3 shows a schematic for a Cuk converter, which 
produces a negative output with no DC path to the 
source. The output can be either higher or lower in 
amplitude than the input. The Cuk converter has output 
short-circuit protection, which is made more robust by 
the frequency foldback feature in the LT3580. Figure 4 
shows the efficiency graph for the Cuk converter in 
Figure 3 at a 5V input. 
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SEPIC Converters 

Figure 5 shows a SEPIC converter. A SEPIC converter is 
similar to the Cuk in that it can step up or step down the 
input; it offersoutputdisconnect and short-circuit protec- 
tion but produces a positive output. Figure 6 shows the 
switch waveform of the SEPIC converter during an output 
short-circuit event. Notice how the switching frequency 
folds back to one-fourth of the regular f requency as soon 
as the output voltage is shorted to ground. This feature 
enhances short-circuit performance for both Cuk and 
SEPIC converters. 
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Figure 5. 9V-24V to 10.5V, 600mA SEPIC Converter 



VoUT 
5V/0IV 



Vsw 
10V/DIV 



1 


if 


11" 













2msA)IV 

Figure 6. Short-Circuit Event for the 
Figure 5 Converter at 24V|m 

Conclusion 

The LT3580 features a unique feedback architecture that 
allows it to be configured as an inverting or noninverting 
converter. Now, the same device can be used to produce 
regulated voltages of either polarity, allowing for a reduc- 
tion in inventory count. Its many additional features such 
as soft-start, adjustable switching frequency, shutdown, 
synchronizing capability, configurable undervoltage 
lockout, frequency foldback, external compensation and 
wide input range simplify the design of inverting and 
noninverting converters. 
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Hidi Performance LDOs 
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A new generation of high performance LDOs is now available from Linear. These LDOs are a generation beyond previous 
regulators in feature benefits and performance. These include ultralow quiescent currents to maximize battery life, low output 
noise to minimize potential interference, high input voltages for increased flexibility, protection features for rugged designs and 
an array of package options to facilitate both leaded and surface mount requirements. 



▼ High Performance, Low-Noise LDOs 



Part No. 


'out 


Max. V|N 
(V) 


Dropout 
Voltage (V) 


Noise 
(mVrms) 


Iq 


Output Voltage 
(V) 


Package 
(mm) 


irsoog 


20mA 


20 


0.28 


150 


3iJA 


Adj. (0.6 to 19.5) 


2X2DFN-6, SC70-8 


LT3010/H* 


50 m A/50 m A 


80 


0.30 


100 


30iJA 


Adj. (1.275 to 60), 5 


ThinSOT™ 


LT1761 


100mA 


20 


0.30 


20 


20iJA 


Adj. (1.22 to 20), Fixed 


ThinSOT 


LT1762 


150mA 


6.5 


0.30 


20 


25iJA 


Adj. (1.22 to 20), Fixed 


MSOP-8 


LT3012/H* 


250mA/200mA 


80 


0.40 


100 


40iJA 


Adj. (1.24 to 60) 


3x4DFN-12,TSS0P-16E 


LT3013/H* 


250mA/200mA 


80 


0.40 


100 


65iJA 


Adj. (1.24 to 60) 


3x4 DFN-12,TSS0P-16E 


LT1962 


300mA 


20 


0.27 


20 


30iJA 


Adj. (1.22 to 20), Fixed 


MSOP-8 


LTC®3025 


300mA 


5.5 


0.05 


80 


54tJA 


Adj. (0.4 to 3.6) 


2X2DFN-6 


LTC3035 


300mA 


5.5 


0.045 


150 


lOOpA 


Adj. (0.4 to 3.6), Fixed 


2x2 DFN-6 


LT1763 


500mA 


20 


0.30 


20 


30iJA 


Adj. (1.22 to 20), Fixed 


SOIC-8 


LTC3025-1/-2 


500mA 


5.5 


0.075 


80 


54tJA 


Adj. (0.4 to3.6)/1.2 


2x2 DFN-6 


LT3080** 


1.1A*** 


36 

(40 Abs Max) 


0.3+ 


40 


1mA 


Adj. (0 to 36)++ 


3x3 DFN-8, MS0P-8E, 
TO-220, SOT-223 


LT1965 


1.1A 


20 


0.29 


40 


500iJA 


Adj. (1.20 to 19.5) 


3x3 DFN-8, MS0P-8E, 
TO-220, DDPak 


LT1963/A 


1.5A 


20 


0.34 


40 


1mA 


Adj. (1.21 to 20), Fixed 


DDPak, TO-220, 
SOT-223, SO-8 


LT1764/A 


3A 


20 


0.34 


40 


1mA 


Adj. (1.21 to 20), Fixed 


DDPak, TO-220 



▼ Info & Free Samples 



www.linear.com/LDOs 

1-800-4-LINEAR 



Free Portable 
Solutions Brochure 



www.linear.com/portsolutions 



JU, LTC, LT and LTM are registered trademarks and ThinSOT is a 
trademark of Linear Technology Corporation. All other trademarks 
are the property oj their respective owners. 



*Tj = 140°C Operation (H-grade) 
**Current-based Reference 
***Can Be Paralleled 



"•"Two-supply Operation 
"•""•"Single-resistor VouT Set 
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Redefine the 
portable world. 




We've got the broad line of performance driven analog products to make it happen. 



\ I Today's breakthrough portable products demand analog solutions that are compact, 

-^Powrma^r« ^'^^'^ efficient. Our high performance analog ICs are key in many of 

■ Battery"char^^^ ^ today's market-defining portable products. We provide the highest quality power 

■ Display & LED drivers management and signal processing components for handheld consumer, industrial and 

■ DC/DC converters communications applications. All our products are backed by the hands-on expertise 

■ RF PA & power controllers of our highly trained applications team. They'll work with you to design the most 
efficient portable solutions, ensuring that your next product works right— the first 

time. Get your FREE high-performance portable analog solutions brochure at www.linear.com/designtools/brochures/index.jsp 



LT, LTC andJJ' are registered trademarks of Linear Tecfinoiogy Corp. 
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NE555 timer sparks low-cost 
voltage-to-frequency converter 

Gyula Dioszegi and Janos Nagy, Divelex Ltd, Budapest, Hungary 



MH In 1971, Signetics — later Phil- 
ips (www-philipsxom) — intro- 
duced the NE555 timer, and manu- 
facturers are still producing more than 
1 billion of them a yean By adding a 
few components to the NE555, you 
can build a simple voltage-to-frequen- 
cy converter for less than 50 cents. 
The circuit contains a Miller integra- 
tor based on a TL071 along with an 
NE555 timer (Figure 1)- The input 
voltage in this application ranges from 
to — lOy yielding an output-frequen- 
cy range of to 1000 Hz. The current 
of is the function of input voltage: 

ic=-v,./(P,+R,)- 

As the voltage on C reaches two- 



thirds of V^^^, the 555 's internal dis- 
charge transistor opens, and the voltage 
on returns to one-third the voltage 
of V^^, the lower comparator thresh- 
old. At one-third this voltage, the dis- 
charge transistor switches off, and 
again starts charging. The NE555's 
output is high while is charging 
and low while is discharging. The 
product of the input voltage and the 
charging time of is constant. Be- 
cause the discharge time is shorter than 
the charging time, the following equa^ 
tion results for the output frequency: 
fouT~V„/(P,+R,)xC,xl/3V,,. 

calibrates the relationship be- 
tween the output frequency and the 



15V 
Q 



R 

220k ^1 
270k 



X 270k 
V|N (>-f-^A^^WA^ 

^ _ 1 n\/ I — ^ 



OTO -10V 




CONT 5 



O 

15V 



TH 6 



TL 2 



100 nF 




LOWER CONTROL 
COMPARATOR^ FLIP-FLOP 
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76 Optoisolators compute 
watts and volt-amperes 

78 Single-supply circuit measures 
-48V high-side current 

78 Three-state switch interface 
uses one microcontroller pin 

80 AC-continuity tester finds 
single-ended faults in cables 

►What are your design problems 
and solutions? Publish them here 
and receive $1 50! Send your 
Design Ideas to edndesignideas® 
reedbusiness.com. 



input voltage. Because the discharge 
interval is approximately 30 |JLsec, the 
accuracy of the voltage-to-frequency 
conversion decreases 
as the frequency in- 
creases. If you assign 
100 Hz to -IV and 
1000 Hz to -10V,the 
error of conversion 
ranges from 0.3 to 3%. 
If you use to cali- 
brate the output fre- 
quency in the middle 
of the input-voltage 
range at — 5V, then 
the conversion error 
will be less than 1.3% 
over the entire range. 
To improve perfor- 



POWER 
OUTPUT 



RESET 



OUTPUT 
3 ^ 



Figure 1 Preceding an NE555 timer with a Miller integrator yields a voltage-to-frequency 
converter that costs less than 50 cents. 



mance, should 
have a low dissipation 
factor. You can dimin- 
ish temperature de- 
pendence if has a 
low temperature coef- 
ficient and is a mul- 
titurn, ceramic-metal 
potentiometer.EDN 
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Optoisolators compute watts 
and volt-amperes 

W Stephen Woodward, Chapel Hill, NC 



A decade or so ago, I designed 
a simple circuit that included 
a quad optoisolator arranged in a full- 
wave analog-multiplier bridge (Figure 
1 )♦ It sensed and calculated watts of ac- 
power consumption and ignored any 
reactive component in the load. The 
circuit's principle of operation relies on 
the fact that the LEDs of the bridge, like 
any other device with a semiconductor 
junction, have a dynamic conductance 
that's directly proportional to current: 
approximately 19 mS (millisiemens)/ 
A at 25°C- Both the line voltage and 
load'Current-proportional sense volt- 
age, which the 0-00 111 copper shunt 
develops, modulate this current. The 
approximately 0.4%/°C temperature 
coefficient of the copper compensates 
most of the temperature dependence of 
the LEDs' conductances. 

The circuit in this Design Idea is an 
elaboration on that older circuit. It ac- 
quires not only watts, but also volt-am- 
peres and so makes possible an estima- 
tion of power factor — watts divided by 
volt-amperes. The right-hand side of 
the circuit in Figure 2 is simply a half- 
wave version of the older circuit. The 



left-hand side is similar but substitutes 
rectified-dc excitation of its half-wave 



bridge for the ac excitation of the left- 
hand side. The analog product of in- 
stantaneous load current times the av- 
erage voltage optically couples to pho- 
to transistor Q^/D^, which A^ amplifies 
and the through Qg transistor array 
rectifies to provide an analog voltage 
proportional to load volt-amperes.EDN 



HOT 




PS2501-4r- 



POWER 
1300W 



15V 
Q 



ZERO 



■1< 



100W 



SPAN(^ OUT 
AA/^-^ IV 

200k 30k 

4.7 |xF 
16V 



15V 




Figure 1 A quad optoisolator arranged in a full-wave analog-multiplier bridge 
senses and calculates watts of ac-power consumption and ignores any reac- 
tive component in the load. 




Figure 2 The right-hand side of this circuit is simply a half-wave version of the circuit in Figure 1 . The left-hand side is similar but sub- 
stitutes rectified-dc excitation of its half-wave bridge for the ac excitation of the right-hand circuit. 
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Ultralow Noise ADC Driver 

16-bits @ lOMHz 



100Q 



100Q 
-^WNr- 



3V or 5V 



1.5nV/VHz 



-WSr- 
100Q 




Rail-to-Rail 
Out 



100Q 




LTC6404-1 Driving 
LTC2207 16-Bit ADC 



FREQUENCY (MHz) 



Rail-to-Rail Output Differential Amplifier 

Getting the most from your high-speed 14- to 18-bit ADCs just got easier. The LTC®6404 provides outstanding dynamic range at 
high speeds. Harmonic distortion is better than -90dB at lOMHz and noise density is just 1.5nV/VHz. With rail-to-rail outputs 
and a low voltage capability, the LTC6404 drives the full input range of today's 3V to 5V differential ADCs using the same supply 
voltage. In addition to driving fully differential signals, the LTC6404 can easily convert single-ended signals to differential. For 
great performance with even higher bandwidth signals, check out all of Linearis new ADC drivers in the table below. 





LTC6403 


LTC6404 


LTC6406 


LTC6401 


LTC6400 


Input 

Frequency 
Range 


DC-15MHZ 


DC-30MHZ 


DC-60MHZ 


DC-140MHZ 


DC-300MHZ 


Gain 


R-set 


R-set 


R-set 


8,14, 20, 26dB 


8,14, 20,26dB 


Distortion 


-95dBc@3MHz 


-92dBc@ 10MHz 


-72dBc@ 50MHz 


-88dBc@ 70MHz 


-81dBc@ 140MHz 


Noise 


2.8nV/VHz 


1.5nV/VHz 


1.6nV/VHz 


2.1nV/VHz 


2.1nV/VHz 


Supply 
Voltage 


2.7V to 5.25V 


2.7V to 5.25V 


2.7V to 3.5V 


2.85V to 3.5V 


2.85V to 5.25V 


Supply 


11mA 


27mA 


18mA 


45mA 


85mA 



▼ Info & Free Samples 



www.linear.com/6404 

1-800-4-LINEAR 




Free High Speed 
ADC Brochure 



www.linear.com/adcsolutions 



XT LTC and LT are registered trademarks of Linear Technology 
Corporation. All other trademarks are the property of their 
respective owners. 
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Single-supply circuit measures 
—48V high-side current 

Wenshuai Liao, Analog Devices, Beijing, China; 
Stephen Lee, Analog Devices, Wilnnington, MA; and 
Yanhui Zhao, Beihang University, Beijing, China 



The nominal —48V rail, which 
finds wide use in wireless base 
stations and other telecommunications 
equipment in network central offices, 
can vary from —48 to —60V Measuring 
its current draw typically requires com- 
ponents that operate on ± 15 V dual sup- 
plies. Eliminating the negative supply 
would reduce system complexity and 
cost. This Design Idea uses an AD629 
difference amplifier and an AD8603 
operational amplifier, both from An- 
alog Devices (www.analog.com), to 
measure current at —48 to —60V and 
operates from a single positive-power 
supply (references 1 and 2). 

Figure 1 shows how the AD629 
and AD8603 measure current in the 
presence of a —48V common-mode 

voltage. The following equa- 

tions demonstrate how the 
AD629 difference amplifier 
can condition voltages beyond 
its supply ranges: V^^^^ ^^^ = 
19XV^gp, and 
1.2)- 



has a fixed gain of one, so the output 
voltage is IXR^+V^^^p. The AD8603 
functions as a subtractor so that it can 
reject the common-mode voltage, V^^^p, 
and apply gain to the signal of interest, 
IXRg. A factor of 20 amplifies the sig- 
nal to span the 2.5V full-scale range of 
the ADC. 

This Design Idea uses the AD8603 
because it has low input-bias current 
and low offset drift. In addition, the 
rail'to-rail output allows it to share the 
same supply as the ADC. In this stage, 
the subtractor rejects the 5V common- 
mode signal from the voltage refer- 
ence. The four resistors that form the 
subtractor must have matched ratios 
to obtain maximum common-mode 
rejection. If you cannot obtain tight- 



ly matched resistors, you can use an 
AD623 single-supply instrumentation 
amplifier in place of the AD8603, en- 
suring high common-mode rejection. 

Offset, input-bias-current, and com- 
mon-mode-rejection errors from both 
amplifiers result in a 163-mV maximum 
error at the output of the AD8603. 
This calculation assumes resistors with 
a 0.01% ratio match. The circuit was 
verified on the bench using 50-, 100-, 
and 200-mn shunts for Rg.EDN 

REFERENCES 

9 "High Co mm on -Mode Voltage, 
Difference Amplifier AD629," Analog 
Devices, 1999 to 2007, www.analog. 
com/UploadedFiles/Data_Sheets/ 
AD629.pdf. 

3 "Precision Micropower, Low Noise 
CMOS Rail-to-Rail Input/Output 
Operational Amplifiers AD8603/ 
AD8607/AD8609," Analog Devices, 
2005, www.analog.com/Uploaded 
Files/Data_Sheets/AD8603_8607_ 
8609.pdf. 



20X(V5-1.2) 



VcOM MIN = 20X(-V3 

19xVj^gp. With a 5V reference, 
the common-mode input range 
is —71 to +121V. The current, 
I, flows through the shunt re- 
sistor, Rg, causing a differential 
voltage, which the difference 
amplifier senses. The AD629 




ADC 



■±r SUCCESSIVE- 
APPROXIMATION- 
REGISTERADC 
OTO 2.5V INPUT RANGE 



Figure 1 The AD629 and AD8603 measure current in the presence of —48V common- 
mode voltages. 



Three-State switch interface 
uses one microcontroller pin 

Kartik Joshi, Netaji Subhas Institute of Technology, New Delhi, India 

Human interfaces for electron- Engineers usually create these in- 



El ic gadgets sometimes require 
three states for control. A single-axis 
joystick has states to define motions to 
the right, to the left, and with no mo- 
tion. Similarly, a timer has control but- 
tons that allow the timer to increment, 
decrement, and remain untouched. 



terfaces by using two independent 
pushbuttons, requiring two micro- 
controller pins. This Design Idea 
presents a way to sense three states 
of an SPDT (single-pole/double- 
throw) switch with a center-off 
state, using only a single pin of 



STATUS OF THE PIN 
FOR VALUES OF THE PORT AND 
THE DDR REGISTERS 





DDR bit=0 


DDR bit^O 




Port bit^O 


Port bit^1 


Pin connects to V^^ 
through a resistor 


Pin bit=1 


Pin bit=1 j 


Pin connects directly 
to ground 


Pin bit=0 


Pin bit=0 


Pin connects to 
ground through a very- 
high-resistance path 


Pin bit=0 


Pin bit=1 



78 EDN I FEBRUARY 21, 2008 



2.2Gs|is, 8-BIT ADC 
ENABLES RF SAMPLING 
BEYOND NYQUiST 




♦ IVIAX109 Supports Multi-Nyquist Zone Sampling ♦ On-Chip 1 :4 LVDS Demultiplexer 



• 46dBFS SNRatf|N = 300IVIHz 

• 45dBFS SNRatf|N = 1600IVIHz 

• 62dBc SFDR atf|N = 300IVIHz 

• 50dBc SFDR atf|N = 1600IVIHz 



♦ Interfaces Directly to Common FPGAs with 
DDR and QDR Modes 

♦ Supports Interleaving for 4.4Gsps Sampling 

♦ 256-Pin SBGA Package 
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www.maxim-ic.com/MAX1 09-info 
FREE High-Speed Converters Design Guide— ^eiif Within 24 Houps! 
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5V 
Q 



PC6(RESET) 
AGND 
AREF 
AVCC 

PB6(XTAL1/TOSC1) 
PB7(XTAL2/TOSC2) 



PCO(ADCO) 
PCI(ADCI) 
PC2(ADC2) 
PC3(ADC3) 
PC4(ADC4/SDA) 
PC5(ADC5/SCL) 



IC, 
MEGA8 



GND 



VGG 



PDO(RXD) 
PDI(TXD) 
PD2(INT0) 
PD3(INT1) 
PD4(XGK/T0) 
PD5(T1) 
PD6(AIN0) 
PD7(AIN1) 

PBO(IGP) 
PBI(OGIA) 
PB2(SS/OG1B) 
PB3(MOSI/OG2) 
PB4(MISO) 
PB5(SGK) 




Figure 1 Using only one I/O pin, this circuit and a simple program can sense the 
state of a three-position switch. 



Atmel's (www-atmeLcom) ATmegaS 
microcontroller (Reference 1 and Fig- 
ure 1). Listing 1, which is available at 
the Web version of this Design Idea at 
www-ednxom/080221dil, is a simple 
program for the circuit- 

The status of the pin of the micro - 
controller depends upon values of the 
DDR bit, the port bit, and its external 
connection. The microcontroller's pin 
connects to ground using pulldown re- 
sistor with resistance, typically, of 
a few hundred kilohms to impress the 
high' impedance state on the pin. You 
set the DDR register to zero. When the 
user toggles the switch to Position 1, 
the pin connects to Vj^j^ through resis- 
tor Rg, and the pin bit is one, regard- 
less of the value of the port bit. When 
the user toggles the switch to Position 
3, the pin is grounded, and the pin bit is 
zero, regardless of the value of the port 
bit. In the center-off state, the pin bit 
follows the port bit. Table 1 summarizes 
the states of the pin for different values 
of the port and the external input. EDN 

REFERENCE 

m "ATmega8/ATmega8L 8-bit AVR 
with 8K Bytes In-System Program- 
mable Flash," Atmel Corp, 2007, 
www.atmel.com/dyn/resources/ 
prod_documents/2486S.pdf. 



AC-continuity tester finds 
single-ended faults in cables 

Kevin Bilke, Maxim Integrated Products, Fleet, Hants, UK 



a An ac-based continuity tester 
for front'line test-and-repair 
jobs provides a simple go/no-go test 
for localizing faults in multiconductor 
cables (Figure 1). Open circuits are 
more likely to occur at the connec- 
tor ends. This tool helps to identify 
the faulty end, thereby avoiding the 
risk of damaging a good connector by 
opening it. It's also useful for testing 
an installed cable for which both ends 
are in different locations. The circuit 
injects an ac signal on one wire of a 
cable and then looks for an absence 



of capacitive coupling to the other 
wires. After locating this fault, the 
circuit identifies the open wire and 
allows you to open and repair the cor- 
rect cable end. 

One end of a bad cable typically 
shows good ac continuity, and the oth- 
er end typically has one or more con- 
nector pins with no ac continuity. Be- 
cause a short in the cable appears as 
a good connection, the operator can 
easily confirm that the tester is oper- 
ating correctly by simply shorting its 
test leads together. The first section 



of IC^, a Maxim (www.maxim-ic.com) 
MAX9022 low-power dual compara- 
tor, forms a relaxation oscillator op- 
erating at approximately 155 kHz. It 
produces a peak-to-peak output signal 
approximately equal to the supply volt- 
age, which feeds to a connector of the 
cable under test. The second section of 
the circuit processes any ac signal that 
the interlead capacitance picks up. A 
pair of silicon diodes first rectifies that 
signal and then integrates the rectified 
signal on storage capacitor C^. Bleed 
resistor provides some noise immu- 
nity and helps to reset the capacitor 
between tests. 

Output resistor and input capaci- 
tor provide limited circuit protec- 
tion. The circuit indicates open for 
any test-cable capacitance below 100 
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MOST INTEGRATED FAULT-MONITORING, 
SEQUENCING, AND MARGINING IC 

Nonvolatile Fault Registers Store 12 Channels of Data on System Failure 




SEQUENCE 




MARGIN 



■ up TO 12 SUPPLIES 

■ IN ANY ORDER 



INDIVIDUAL MARGINING 
FOR 12 SUPPLIES 



REVERSE 
SEQUENCE 




UP TO 12 
SUPPLIES 



CLOSED-LOOP TRACKING 
FOR UP TO 4 SUPPLIES 



EIGHT ADVANTAGES OVER THE COMPETITION 



1)+1% Accurate ADC 
for Better Supervision 



8) Monitors GV and UV 
Thresliolds plus One Additional 
Early-Warning Threshold 



7) Up to 75% 
Smaller than the 
Competition 



12 
INPUTS 



yi/iyixi>i/i 

MAX16046 



10-BIT ADC 



REGISTERS 



|2C/JTAG 




EEPROM 


OUTPUTS 




REGISTERS 



6) Nonvolatile Fault 
Registers Provide Added 
Level of Diagnostics 




2) 3V to 14V Intermediate 
Bus Voltage Supply 



12 

OUTPUTS 



GPIO 
CONTROL 



12 
DACs 



5) Margining Control 
for AII12 Supplies— 
2x the Competition! 




3) Six GPIOs: Watchdog I/O, 
Programmable Fault Outputs, 
Margining Control 



4) Most 
Intuitive Software 
Available 



Part 


No. of 
Voltages 
Monitored 


No. of 
Outputs/FET 
Drivers 


Reverse 
Sequencing 


Supply 
Adjustment/ 
Margining 


ADC for 
Voltage 
Readback 


No. of 
Voltages 
Tracked 


Overvoltage 
Monitoring 


Operates Off of 
Intermediate 
Bus Voltage 


No. of 
GPIOs 


Package 
(mm X mm) 


MAX16046 


12 


12/6 




12 DACs 




4 






6 


56-TQFN 
(8x8) 


MAX16047 


12 


12/6 




MAX16048* 


8 


8/6 


8 DACs 


MAX16049* 


8 


8/6 





*Future product— contact factory for availability. 
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pR Thus, a standard mains-test lead, 
whose typical lead-to-lead capaci- 
tance is 200 pF, would test OK. The 
circuit is also immune to false trigger- 
ing that the 60-Hz pickup from the 
power lines causes- Because the typi- 
cal current draw of this low-power cir- 
cuit is less than 40 |jlA, the circuit can 



usually operate from battery power in 
the form of three L5V AA or AAA 
cells. Many low-cost alternatives are 
available for the output device — for 
example, you could use a dc-activated 
piezoelectric buzzer — and most fea- 
ture a suitably wide range of operating 
voltages. The 100-nF capacitors are 



standard ceramic decoupling capaci- 
tors, and the circuit contains no criti- 
cal passive components. The compar- 
ator's high-side drive is somewhat bet- 
ter than its low-side drive, so it should 
source rather than sink current to the 
indicator device. D^, and are 
silicon diodes.EDN 




Figure 1 Based on a low-power dual comparator, this ac-continuity tester locates open-circuit pins in a cable. 



a leap ahead 

in ultra-LDOs 



► Ultra-low noise (9|jVRMS, 92dB PSRR) 

► High voltage up to 20V 

► High accuracy of 0.5% 

► Low power consumption 

► User-programmable output voltages 



Free samples online at ICdIrect 

htips://shop. austriamicrosystems. com 



West Coast (408) 345-1790 • East Coast (919) 676-5292 
www.austriamicrosystems.com 



















mV 


mA 




\iA 


AS1351 


2 


200 


200 


OTP* 


125 


AS1357 


3 


200 


200 


OTP* 


175 1 


AS1352 


4 


200 


200 


OTP* 


225 


AS1353 




60 


150 


Rev. Protection + BYP 


70 


AS1356 




60 


150 


Rev. Protection + POK 


70 


AS1358 




70 


150 


Ultra-Low Noise 


40 


AS135g 




140 


300 


Ultra-Low Noise 


40 


AS1361 




70 


150 


Ultra-Low Noise + POK 


40 


AS1362 




140 


300 


Ultra-Low Noise + POK 


40 


AS1360 




400 ~^ 


250 


High Voltage 


1,5 


AS13g85 




45 


150 


WL-CSP 


95 


AS13g86 


2 


45 


150 


WL-GSP 


135 1 



*) User-programmable output voltages 
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Industry's First High-Voltage Monolithic 
Two-Switch Forward DC-DC Regulator 




national.com/power 

LM5015 Switch-Mode Regulator Features Ultra-Wide Input Voltage Range from 4.25V to 75V 



DC Input RTi 
(4.25V-75V) 



PViN 



ViN 



ss 



RT 



LM5015 



CURRENT- 
MODE 
PWM 
CONTROLLER 



EST 



HO ^ 



LO 



Isolated DC 
Output 



PGND 



COMP 



LM501 5 Features 

• Dual integrated 75V N-channel MOSFETs 

• Ultra-wide input voltage range: 4.25V to 75V 

• Adjustable output voltage 

• Integrated current sensing and limiting 




• Current-mode control 

• Oscillator synchronization capability 

• Programmable soft-start 



Product ID 


V||\| min (V) 


V,N max(V) 


Integrated Switches 


Switch Voltage Rating (V) 


Current Limit (A) 


Package 


LM5000 


3.1 


40 


Low-Side 


75 


2 


TSSGP-16/LLP-16 


LM5001 


3.1 


75 


Low-Side 


75 


1 


SG-8/LLP-8 


LM5002 


3.1 


75 


Low-Side 


75 


0.5 


SG-8/LLP-8 


LM5015 


4.25 


75 


Low- and High-Side 


75 


1 


TSSGP-14EP 



Applications 

Communications, computing, industrial, medical, video, and test and measurement 



For FREE samples, datasheets, and more, visit: 
Or call: 1-800-272-9959 



Na tional 

Semiconductor 

The Sight & Sound of Information 



National Semiconductor Corporation, 2008. National Semiconductor, PowerWise, and are registered trademarks of National Semiconductor Corporation. All rights reserved. 



World's Smallest Battery Charger! 



SMB139 Packs Performance and Programmability in Tiny Pacl<age 
500mA Ctiarging Current - Ideal for Bluetooth™ Devices 



+4.35V to +6.5V 
(+10V Tolerance) 

""T I □ 



-►0 SCL 



SMB139 

IN OUT O 

IVDDCAP A BATT 



Up to 500mA 
Programmable 
Charge Current 



Pi 



I2C 

(Optional) JL 
< > n SDA 



THERM 



GND 



>0 



STAT Q 




2.2nF 




^^eXtension 
PARTNER 



Shrink Solution Size by 
65% vs. Existing Chargers 



21.6mm2 



IN. 



Competition 
3x3 DFN 



I ^TIMER I I 



4.80 mm 



y.Smm^ 





CO 






l£uul 










CD 






3.0 mm 



E 
£ 
in 



SMB139 
Applications 



> Bluetooth^'^ phone headsets 

' Biuetooth^"^ stereo headphones 
' Ultra-thin phones/media players 
' Wristwatch GPS/MP3 

> Sports/wearable electronics 

> Portable biometric monitors 



9 ^ 



<3^ 




Summit's Programmable Battery Charger Family 
The Ideal Solution for Your Portable Application 





SMB137 


SMB138 


SMB1 35/235 


SMB139 


Topology 


Switch-mode 


Switch-mode 


Switch-mode 


Linear-mode 


Input Voltage Range (V)* 


4.35 to 5.5(16) 


4.35 to 6.0 (16) 


4.35 to 6.5(10) 


4.35 to 6.5 (10) 


# of Inputs/Outputs 


2/2 


1/1 


1/1 


1/1 


Maximum Charge Current (mA) 


1500 


1250 


900 


210/500 


TurboCharge™ Output 


Automatic 


Automatic 


Software/uC 




CurrentPath™ Control 


X 








USB On-The-Go Power 


X 


X 






Low -Battery Recovery Mode 


X 








I2C Interface 


X 


X 


X 


X 


Programmable Float Voltage 


X 


X 


X 


X 


Programmable Charge/Term. Current 


X 


X 


X 


X 


Programmable Input Current Limit 


X 


X 






Input/Battery OV/UV 


X 


X 


X 


X 


Hardware Safety Timer 


X 


X 


X 


X 


Software Watchdog Timer 


X 


X 






Battery Thermal Protection 


X 




X 


X 


IC Thermal Protection 


X 


X 


X 


X 


Package 


3.6x3.3 CSP-30 


3.1x2.1 CSP-20 


2.1x1.3 CSP-15 
5x5 QFN-32 


2.1x1.3 CSP-15 
5x5 QFN-32 


Solution Size (mm2) 


50 


28 


31 


7.5 


* Indicates overvoltage "holdoff' tolerance 



For more information see: 
www.summitmicro. com/SMB139 
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Programmable Power for a Green Planet^ 
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SWITCHES AND RELAYS 




Tactile switches allow complete sound-intensity control 

□ The KSC ST sound-tunable tactile-switch series enables 100% control of 
sound intensity. The switches provide the ability to match the sound level of 
applications with two sound- intensity grades, ranging from 30 to 50 dBa- Aiming at 
automotive applications, such as steering wheels; heating, ventilation, and air con- 
ditioning; dashboards; and door, seat, and sunroof modules, the switch series also 
suits industrial'Control panels and medical and consumer applications. The KSC ST 
switches cost 19 cents each (10,000). 
C&K Components, www.ck-components.com 



Power-relay series 
switches 200A 
at 400V dc 

□ The G9E dc-power-relay series 
provides a means of disconnection 
in high'power-battery applications. The 
relays feature a sealed, gas-filled con- 
struction for cooling the arc created dur- 
ing switching. Reducing the contact gap 
improves operating noise and allows a 
70% reduction in overall size, compared 
with contactors. Operating-coil voltag- 
es include 12, 24, 48, 60, and lOOV dc. 
The G9EA measures 36X73X67.2 mm 
in versions operating at 60A at 400V dc 
and lOOA at 120V dc; the G9EC meas- 
ures 44X98X86.7 mm in a version oper- 
ating at 200A at 400V dc; and the G9EB 
measures 25X60X58 mm and switches 
25A at 250V dc. The devices are avail- 



able in an SPST-NO (single-pole/single- 
throw/normally open) contact configu- 
ration. The G9EA sells for $1 10 to $140, 
the G9EB sells for $99 to $103, and the 
G9EC sells for $220 to $240. 
Omron Electronic Components LLC, 
www.components.omron.com 



SPDT analog switches 
have low on-resistance 

The DG469 and DG470 high- 
voltage, single- and dual-supply 
SPDT (single-pole/double-throw) ana- 
log switches provide 3.60 on-resistance 
and 0.411 flatness. The switches provide 
an enable pin for maintaining a safe 
state at power-up and prevent accidental 
signal or power shorts, and the DG470's 
enable pin puts all of the switches in a 



matter! 




from 
low- 
profile 



.IQ^'ht 



• Audio Transformers 

• Pulse Transformers 

• DC-DC Converter 
Transformers 

• Multiplex Data Bus 
Transformers 

• Power & 
EMI Inductors 



or send direct for free PICO Catalog 
Call Toll Free 800 431-1064 
Fax 914-738-8225 

E Mail: info@picoelectronics.com 



PICO 



Electronicsjnc. 

143 Sparks Ave. Pelham, N.Y. 10803-1837 
Delivery - Stock to one week 
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Presented by: 



EDN's 18th Annual 

INNOVATION 
AWARDS 



We need your vote! 

EDMs 18th Annual Innovation Awards finalists 
have been chosen fronn hundreds of nominees. 
Only you can vote for your favorite innovation of 
2007. Online balloting closes February 29. Go 
to www.EDN.com/innovation18 and vote today! 

Then join us on April 14 as we honor the 
industry's most outstanding engineering 
professionals and products. 



EDN's 18th Annual 

INNOVATION 
AWARDS 

Monday, April 14, 2008 

4th Street Summit Center 
San Jose, California 





Platinum Sponsor: 

electronics marketing 



Sponsors: 



Online Voting and Ticl^ets: www.EDN.com/innovation18 
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SWITCHES AND RELAYS 



high' impedance state- The switches of- 
fer a typical 3 -611 and a maximum 4-211 
on-resistance with 0-411 flatness- Pro- 
viding 120-mA continuous current and 
suiting relay replacement and power 
routing, the devices provide a 44V max- 
imum supply- voltage rating and 57-dB 
isolation at 1 MHz. Available in —40 to 
+ 85 and -40 to +125°C temperature 
ranges, the DG469 and DG470 analog 
switches cost 70 cents each (1000)- 
Vishay Intertechnology, www.vishay. 



Switch series integrates 
two slew-rate-controlled 
load switches 

□ Combining two low-resistance, 
slew-rate-controlled load switch- 
es, the AAT4282A load switch provides 



two MOSFETs with 60-mn typical on- 
resistances at 5V Suiting high-side, 
load-switching applications, the device 
supports 3 and 5V systems by operating 
over a L5 to 6.5V input range. Features 
include a 1-|jlA quiescent current and 
2.5 to 5V CMOS- and TTL-compatible 
input-logic levels. The AAT4282A-1 
targets slew-rate-limited load switch- 
es; the AAT4282A-2 provides turn-on 
capabilities for applications requiring 
less-than-500-nsec systems and typi- 
cal turn-off speeds of less than 3 |JLsec; 
and the AAT4282A-3 has a minimized 
slew-rate-limited turn-on function and 
a shutdown-output-discharge circuit to 
turn off a load when the switch is dis- 
abled. Available in a 2x2-mm FTD- 
FN22-8 package, the AAT4282A costs 
$1.07 (1000). 

Advanced Analogic Technologies, 

www.analogictech.com 
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is for new and 
current products. 



Host USB, Ethernet, 



liijJm jWUjIJjUJj will Iff 



4.3x3.3", Easy to 
program in C/C++ 

• Two USB Host Ports 
for USB Flash Disk, 
Keyboard/mouse 

• WOlVIBase-T 
Etiiernet, 6 RS232, 
I/O, 5.7" TFT 
support 

• Well 24-bit 
ADC, 11 ch 
12-bitADC, 
8ch. 16-bit DAC' 

• CompactFlash card with FAT file system support 

• Solenoid drivers, and Reed Relays 



60+ Low Cost Controllers with ADC, DAC, Solenoid drivers, 
Relays, CF, LCD, DSP motion control, UARTs, 300 l/Gs. 
I Custom board/software design. Save time and money. 




1950 Stii Street 
Davis, CA 95616 USA 

530-758-0180 • Fax:530-758-0181 
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TALES FROM THE CUBE 



BY STEVE LUBS • DEPARTMENT OF DEFENSE 



A helping hand 




Early in my career, I designed several kinds of signal 
demodulators, including AM, FM, and PM devic- 
es. Two of our standard building blocks were ana- 
log multipliers and discrete integrators. My boss was 
moving, albeit slowly, from analog to digital tech- 
niques, so he and I looked at simple ways to make a 
digital equivalent of these two blocks. 



After four months' effort on what we 
thought was a simple design, my boss 
called it quits- I used most of the parts 
from our attempts in other projects and 
threw away the rest — except for a pair 
of MAC (multiplier-accumulator) ICs. 

In those days, we designed with 
74XXX and 74LSXXX MSI coun- 
ters, registers, and gates. The MACs 
were TTL (transitor- to- transistor logic), 
8X8-bit-multiply, 64'bit-output devic- 
es, specially ordered for this application. 
In power consumption, they made the 
74XXX stuff look like CMOS, so my 
boss didn't see where we'd use them in 
any other projects. I kept them, howev- 



I DIDN'T RECEIVE ANY 
AWARDS OR PATS ON THE 
BACK, BUT MY IDEA DID 
HELP ANOTHER ENGINEER. 

er, thinking of various ways they might 
be useful. One day, while looking at 
their data sheet, I realized one would 
make a fast 64'bit up/down counter. 

I presented the idea to my boss. His 
first reaction was to stare at me. Then 
he warned, "It's too big. It uses too 
much power. It's too expensive." Final- 
ly, he asked, "Don't you have something 
useful to do?" 



1 



Intimidated, but not defeated, I 
further developed my idea and ran a 
few tests. The design worked beauti- 
fully. However, when I showed it to 
my co-workers, reactions varied from 
loud yawns to inquiries of "Is that all it 
does?" Lacking other encouragement, I 
submitted it to EDN as a Design Idea. 
The magazine accepted it. 

I didn't receive any congratulations 
from management, but I didn't mind. 
After all, a professional magazine had 
published my idea — an achievement 
that made me proud ... for the next 
three months. It was then that I read 
a letter to the editor in EDN, ranting 
about the Defense Department's wast- 
ing of taxpayer money and pointing 
to my design as a prime example. I sat 
down and began writing a rebuttal but 
realized I would be better off showing 
how my idea would be an improve- 
ment. I tried to use it in other projects, 
but my boss always had a "better" sug- 
gestion. (Well, he was my boss.) 

I put the matter aside and forgot 
about it. Then, almost a year later, I re- 
ceived a call from an engineer who had 
questions about the circuit's operation. 
He needed a 64'bit counter for a box he 
was designing for a NASA (National 
Aeronautics and Space Administra- 
tion) satellite. My idea not only saved 
board space, using one 100-pin IC rath- 
er than 16 16-pin ICs plus wiring, but 
also simplified the board layout, which 
meant easier testing and lower cost. 

I didn't receive any awards or pats 
on the back, but my idea did help an- 
other engineer; that kind of satisfaction 
goes a long way. I'd like to believe that 
my other published Design Ideas have 
helped others, just as those I've read 
have helped me — especially when six 
cups of black coffee lose their effect on 
the meetings and paperwork, and I need 
something new to perk me up.EDN 

Steve Luhs has been an engineer in a 
variety of roles at the Defense Depart- 
ment for 30 years and has always ar- 
gued with his bosses* Like Steve, you 
can share your Tales from the Cube 
and receive $200* Contact Maury 
Wright at mgwright@edn*com* 
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Intersil's ISL9206 FlexiHash+'" 
Engine delivers high-security 
battery authentication at a 

low cost. 

Intersil's ISL9206 is an easy-to-use, robust, 
and inexpensive battery authentication solution 
for 1-cell Li-lon/Li-Polymer or 3-cell NiMH 
series battery packs. 

ISL9206 Key Features: 

^ Challenge/response-based authentication 
scheme using 32-bit challenge code and 
8-bit authentication code. 

FlexiHash+ engine uses two sets of 32-bit 
secrets for authentication code generation. 

^ 16x8 one-time programmable ROM memory. 

Additional programmable memory for storage. 




Patent pending FlexiHash+ engine ^ 
consists of four separate programmable 
CRC calculators. Two sets of 32-bit 
secret codes are used for authentication 
code generation. ^ 



XSD single-wire host bus interface 
communicates with all 8250-compatible 
UARTs or a single GPIO pin. Supports 
CRC on read data and transfer bit-rate 
up to 23Kbps. 

16 bytes of one-time programmable 
ROM memory for storage of pack 
information and ID, device authentication 
secrets, device default settings, and 
factory-programmed trim parameters. 



Go to www.intersil.com for samples, datasheets and support 



Intersil - Switching Regulators for precise power delivery. 

©2007 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporatio 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design). 
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HIGH PERFORMANCE ANALOG 



GONE^nXED-FDNCTION 

MICROCONTROLLER 

Marketing wanted the last minute change. 
Engineering delivered. 
PSoC® programmability saved the day. 
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5 miXizd-signal lovsz story 



Get Your Ticket to the Ultimate Embedded Design Starter Kit. 

Fixed-function microcontrollers had their share of the spotlight. It's time for a revolutionary — and simplified — approach to 
embedded application development. Get a Cypress PSoC® FirstTouch™ Starter Kit now and discover how much PSoC 
mixed-signal arrays — powerful, programmable analog and digital blocks, embedded memory and a fast MCU — shorten 
your time-to-market. This kit includes the easy-to-use PSoC Express™ visual embedded system design tool, and gives you 
embedded designs you can evaluate right out of the box. Get yours and step into the spotlight today. 




Buy Now 

$29.95* 
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CAPSENSE 


CAPSENSE TOUCH 
SENSING 


TEMPERATURE 
SENSING 


LIGHT SENSING 


PROXIMITY 
SENSING 



Includes four ready-to-use mixed-signal 
applications on a single platform. 



Buy your PSoC FirstTouch Ultimate Starter Kit now at: 

www.cypress.com/go/FirstTouch 
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Cypress, the Cypress logo and PSoC are registered trademarks, and Programmable System-on-Chip, PSoC Express, and FirstTouch are trademarks of Cypress Semiconductor Corporation. 
All other trademarks are properties of their respective owners. ©2007 Cypress Semiconductor Corporation. All rights reserved. *Does not include any applicable sales tax, shipping and handling costs. CPFAPOOl E 



